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In the autumn of la»t year I aat down to write a few geological oketchos 
for a newspaper ; the accumulated facts of twenty years crowded upon mo 
us I wi-oto, and the few sketches have expanded into a volume. Permit 
me, honoured Sir, to dedicate this volume to you. Its imperfections are 
doubtless many, for it has been produced under many disadvantages ; but 
it is not tbe men best qualified to decide regarding it whose criticisms 1 
fear most; and I am ospccially desirous to bring it under your notice, as of 
all geologists the most thoroughly acquainted with those ancient formations 
which it professes partially to describe. I am, besides, desirous it should 
bo known, — and this, I trust, from other motives than those of vanity,— 
that, when prosecuting my humble researches in obscurity and solitude, the 
present President of the Geological Society did not deem it beneath him to 
ovinco an interest in the results to which they led, and to encourage and 
assist the inquirer with his advice. Accept, honoured Sir, my sincere 
thanks for your kindness. 

Smith, the father of English Geology, loved to remark that he had been 
bom upon the Oolite, —the formation whoso various depouts he was the 
first to distinguish and describe, and from which, as from the meridian line 
of the geographer, the geological scale has been graduated on both sides. 1 
have thought of the circumstance when, on visiting,, in my native district, 
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the hirlliplaoc of the anthor of tho “Silurian System,” If«inuil it situatod 
among the more ancient fossiliforous rocks of the noHh of Scotland, — tho 
Lower Formation of tho Old Bod Sandstone spreading out beneath and 
around it, and tho first-formed deposit of the system, the Groat Conglo- 
merate, rising high on tho neighbouring bills. It is unquestionably no 
slight advantage to be placed, at that early stage of life when tho mind 
collects its facts with greatest avidity, and the curiosity is most active, in 
localities where there is much to attract observation, that has escaped tho 
notice of others. Like the gentleman whom I have now the honour of ad- 
dressing, I too was born on tho Old Bed Sandstone, and first broko ground 
as an inquirer into geological fact in .a formation scarco at all known to 
tho geologibt, and in which there still remains much for future discoverers 
to exomino and describe. Honco an acquaintanco, I am afraid all too 
slight, with phenomena which, if intnnsically of interest, may be found 
to have also tho interest of novelty to recommend them, and with organ- 
jjsms which, though among tho most ancient of things in their relation to 
tho worJ«r8 history, will lo pronounced new by tho geological reader in 
their relation lo human knowledge. Honco, too, ray present opportunity 
of subscribing myself, as the writer of a volume on tho Old Bod hiaiidbionc, 

Horoured Sir, 

With sincere gratitude and respect, 

Your obediont humble Servant, 

HUGH MILLER. 


Edikbubgh, May 1, 1841. 



NOTE TO THE SEVENTH EDITION. 


In the preparation of an edition somewhat uniform in size, of 
tho w^ritiiigs of my dear and honoured husband, it has been 
deemed desirable that tlie present volume should receive such 
additions as might form a fitting appendix to this, his most 
familiarly known work. Having, therefore, been engaged in 
the melancholy duty of looking over his papers, with as much 
care and attention as th9 stunning nature of the calamity 
v.diich has fallen upon me would permit, none have appeared 
to me better adapted for this purpose than some of those 
which lie read from time to time before the Royal Physical 
Society of Edinburgh. His opening address as President 
docs, indeed, embrace tho same line of argument vrhich he 
afterwards more fully elaborated in his last “ Testimony 
yet I venture to think that it is none the worse for being re- 
produced here. It contains a succinct summary of those evi- 
dences drawn from geology in favour of revealed religion, 
which, — ^important as his other laboui’s, literary and scientific^ 
unquestionably were^ — ^it formed the chief portion of his 
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peculiar mission to originate and establisL These may be 
added to in the future ; they may be strengthened by fresh 
and cumulative evidences ; and that such may be the case, is 
surely fervently to bo desired. Yet must they ever form the 
main armoury out of which the Christian geologist is to equip 
himself in order to meet the attacks of his infidel fellow-worker 
in the same field. And thus it would seem as if they could 
not be too frequently presented to the attention, and impress- 
ed on the mind and memory, of every student of geolc»gic 
science. . 

His historical survey of the Silurians, — ^wluch is, in fact, a 
sketch of the early progress of general geologic knowledge in 
Scotland, — ^with his exploration of the valley of the Girvan, 
I have not found elsewhere in any of his unpublished writ- 
ings. They form a not unpleasing expansion of the opening 
portion of Chapter XII., which presents the reader with a 
view- of the most recent past of the world of the Old Bed 
Sandstone, — ^the fi-amework on which its living picture was 
set. 

The succeeding paper on the Marbles of Assynt^ regarded 
by him as altered sandstones, and representatives of the Old 
Bed System of the opposite coast, will still have its suggestive 
value to the geologist, and cannot be out of place here. 

As for the concluding address, which has been already 
published in the shape of a small pamphlet, I cannot easily 
speak of it. Wliile it stands alone in its importance to those 
upon whom the morning of the science is yet dawning, or its 
uooii-day is still shining, cvciy one will see, that in penning 
tlie culogium upon his illustrious fellow-labourer in the same 
city for so short a period, he was wiiting his own epitaph, — 
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XI 


predicting his own fast^ming though then all unthought 
of eclipse. 

To the Rev. S. SymoiJds, — a well-known geologist, in- 
timately acquainted with the Silurian and Old Red of his 
own neighbourhood, the south-western part of England, and 
always up to the most recent geological opinions and disco- 
veries of the day, I beg my most cordial thanks for his gene- 
rously offered assistance. To another Mend likewise, who 
refuses to let his name be known, I am equally indebted. 
"TTniui ptiiiiiii I may object to any addition to such a work as 
this, even in the form of notes or appendix. I trust, how- 
ever, that I am not wrong in believing, that the value of any 
scientific book as an authority must a good deal depend on 
its coiTectness in matters of actual fact ; and in geology, mat- 
ters of fact must be always dependent on progressive develoj)- 
ment and discovery. 

To the thoroughly accomplished geologist this may be of * 
minor importance, but the student or explorer into an unknown 
region does not know with any ceiiainty where his doubts 
ought to begin or end. If he hears but one fact arraigned as 
fitlse and defective according to the latest decision of the day, a 
mist begins to spread over the whole, and he loses confidence 
in the book as a safe guide to knowledge ; so that in process 
of time it is apt to sink into the cbndition of some curious 
fossil, interesting for the traces of beauty imprinted upon it, 
or the modicum of information it conveys, but no longer 
taking its place among the grow-ing interests of the world’s 
living things. It seems to me wise, therefore, in every future 
edition of my honomed husband’s books, while leaving the text 
undisturbed, to have the notes point as a moveable index to 
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the actual state of information on any given subject, in order 
that they may always possess a fresh and actual as well as a 
departed interest. * * 

I have to offer my best thanks to Lord and Lady Kinnaird 
for a beautiful and unique specimen of Parha decqnens with 
which this volume, and the later editions of the “ Testimony,” 
have been enriched. I cannot resist the present opportunity 
of recording my gi*atitude for this and all their other kind- 
nesses. At eveiy fresh instance given of their respect for 
the memory of him who is gone, and considemtioii fo’’ tliCJse 
he has left behind, I h.avc wished a thoustind and a thousiind 
times that he could but know it, in order that he might thank 
them as he alone knew how to do. 


LYDTA MILLER. 


Shrcb Mount, April 1857. 



NOTE BY THE AUTHOR OP THE NOTES APPENDED. 


For some time before his death, Mr Miller, as was well known, 
had in contemplation the preparation of a new and rcvwed edi- 
tion of his " Old Red Sandstone.** In this it was his intention to 
have introduced considerable improvements in the plates, as well 
nT TTrfxtinnn and extensions of the letter^press, so as to bring the 
work abreast dl‘ the later discoveries in the science. It were vain 
now, however, to conjegture what the extent of tliese might have 
been, and equally vain for any one, however high his standing in 
geological science, to attempt doing what his lamented death 
has prevented himself from accomplishing. It has been rightly 
felt, therefore, that no alteration ought now to bo made on that 
remarkable work, so charactei'istic of his genius, which first drew 
on him the eyes and the admiration of the scientific world, and 
stamped him as one of the most eloquent of geological writers. 
The present edition has accordingly been issued without the 
slightest change or revision ; and the few brief notes which have 
been ventured upon have been added solely with the view of 
drawing attention to whatever modifications of opinion he may 
himself have recorded in his later works, or may have been known 
to express verbally in conversation with his friends. The original 
plates have also been permitted to rejuain untouched. A few new 
figures have been added, either taken from specimens in his own 
unique collection, or from* those in possession of others, which it 
is known he had asked permission to copy. 




NOTE TO THE THIRD EDITION. 


In the first edition of the Old Bed Sandstone,” it was stated, 
that when Cuvier closed his labours in the summer of 1832, there 
had been ninety-two species of fossil-fish named and described, 
and that the entire geologic scale, from the Palaeozoic to the Ter- 
tiary formations inclusive, was at that period not known to con- 
tain more. It was added that, barren in fossils as the Old Bed 
Sandstone had been hithei’to supposed, the day was not distant 
when its ichthyolites would be foiwd at least equal in number to 
those of all the geologic formations united at the death of Cuvier. 
And such has been the progress of geologic discovery, that the 
prediction, bold as it may have seemed, is already considerably 
more than fulfilled. Agassiz now enumerates one hundred and 
five species of fossil-fish peculiar to the Old Bed Sandstone ; and, 
with the addition of the more doubtful species^ — some of which, 
however, were included in the list of Cuvier,*— one himdred and 
fifty. The iclithyolites of one system, and that one deemed poorer 
in organisms, but a few years since, than any other, are now ascer- 
tained to be considerably more numerous than all the ichthyo- 
lites of all the systems put together, as estimated by the highest 
authorities only fourteen years ago. 

The reader will find reference made in the present edition to 
the various divisions into which Agassiz has separated the seve- 
ral families which it describes, and an appended list of all the ich- 
thyolitic species of the system with which the course of discovery 

* Such as Dipterui cunmacmB, D, hrwhypygopttrw^ D. macropygopU- 
ru8, and />. Valencienneni, Agmix recognises but one species of Dipte* 
rust^D, mdcrolepidotut. 
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Las yet brought us acquainted. There have l^cen a good many 
additions made to the volume, chiefly in the form of notes, and 
several alterations effected on the text, whore statements seemed 
to require modification. In most cases, however, the original 
statement has been retained ; — it has been so, at least, in every 
instance in which it has been founded upon dr disiiuted by other 
writers ; — and the quiUification, wlioro qualification W'as found 
necessary, has been subjoined as a note. I need hero refer to but 
one of these modifications ; and this chiefly that I may have an 
opportunity of acknowledging my obligations to the meritorious 
individual through whose kindness I have b‘!on furnished witli 
the data on w'hich it has been made. It was stated in the two 
former editions, that there is a gradual increase of -size obsf^vjiblo 
in the i>rogresa of iclith3’’olitic life, from the min ^te fish of the 
Silurian System up to the enormous Holojity chins of the Coal 
Measures^ the largest of all the ganoids ; and that the Old Red 
System, whoso lower beds border on the deposits of tlie Silurian 
fish, and its upi)cr on that of the gigantic ganoid, exliilfited in its 
various formations this gradation of bulk, beginning with an age 
of dwarfs, and ending with an ago of giants. Since the appear- 
ance of the second edition, however, it has been ascertained that 
there were giants among the dwarfs. The remains of one of the 
largest fish found an^*^ where in the s^^stem have been discovered 
in its lowest formation near Tliurso, by Air Robert Dick, an in- 
telligent tradesman of that place, who, by devoting his leisure 
hoiu:s to the study of Geology, in a singularly rich locality, has 
been enabled to add not a few interesting facts to those previous- 
ly accumulated truths of the science on which its sounder theo- 
ries can alone bo erected ; and who has kindly placed at my dis- 
posal his collection of fossils. And the positive proof which they 
furnish has convinced me that the tlieory of a gradual px’ogrossion 
in size, from the earlier to the |ater Palmozoic formations, though 
based originally on no inconsiderable amount of negative evi- 
dence, must be permitted to drop. 

August 1816 . 



KOIE TO THE SECOND EDITION. 


The new matter in the present edition does not much exceed 
fifteen pages* It chiefly refers, however, to the least known por- 
tion of theHystQpi, — that middle formation to which the organisms 
of Balruddcry and Car my lie belong, and which has its repiesen- 
tative in England and Wales in the immensely developed Corn- 
stones. And hence, perhaps, some little degree of interest in 
those few additional pages, proportioned to the novelty of the in- 
formation which they convey. A print has also been added il- 
lustrative of this portion of the work. It represents two of the 
more characteristic organisms of Forfarshire, — the reticulated 
markings of Carmylie, and one of the terminal flaps of its gigan- 
tic crustacean. 

If I have been thus enabled to add but little, I have found oc- 
casion to alter less. One or two slight hints thrown out in the 
former edition, to direct the attention of the reader to matters 
morely conjectural, have given place in the present to the facts, 
now ascertained, at which the conjectures pointed. A few of the 
other alterations are indicated in the preface, — that of the first 
edition, — which, as it marks the progress of the work, I have 
deemed it proper to retain. 


March 1842. 




PREFACE TO THE FIRST EDITION. 


Neakly one-third of the present volume appeared a few 
months ago, in the form of a series of sketches in the WUnesB 
newspaper. A portion of the first chapter was submitted to 
the public a year or two earlier, in " Chambers’ Edinburgh 
Journal.” The rest, amounting to about two-thirds of the 
whole, appears for the firat time. 

Every such work has its defects. The faults of the pre- 
sent volume, — faults all too obvious, I am afraid, — ^would 
have been probably fewer had the writer enjoyed greater 
leisure. Some of them, however, seem scarce separable from 
the nature of the subject ; there are others for which, from 
their opposite character, I shall have to apologise, in turn, 
to opposite classes of readers. *My facts would, in most in- 
stances, have lain closer had I written for geologists exclu- 
sively, and there would have been less reference to familiar 
phenomena. And had I written for only general readers, 
my descriptions of hitherto undescribed organisms, and the 
deposits of little known localities, would have occupied fewer 
pages, and would have been thrown off with perhaps less re- 
gard to minute detail than to pictorial effect. May I crave. 
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while addressing myself, now to the one class and now to the 
other, the alternate forbearance of each 1 

Such is the state of progression in geological science, that 
the geologist who stands still for but a very little must be 
content to find himself left behind. Nay, so rapid is the 
progress, that scarce a geological work passes through the 
pi*ess in which some of the statements of the earlier pages 
liave not to be modified, restricted, or extended in the con- 
cluding ones. The present volume shares in this respect in 
what seems the common lot. In describing the 
the reader will find it stated that the creature, unlike its con- 
temporaiy the Pterichthys^ was unfurnished with arms. Ere 
aiTiving at such a conclusion, 1 had carefully examined at 
least a hundi*ed difierent Goccoslei ; but the positive evidence 
of one «pecimen outweighs the negative evidence of a hun- 
dred j and I have just learned from a friend in the north 
(Mr Patrick Duff of Elgin), that a Coccoatms lately found at 
Lethen-bar, and now in the possession of Lady Gordon Gum- 
ming of Altyre, is furnished with what seem uncouth paddle- 
shaped arms that project from the head.* All that I have 
given of the creature, however, will be found true to the 
actual type ; and that parts should have been omitted will 
surpiise no one who remembers that many hundred belem- 
nites had been figured and described ere a specimen turned 
up in which the homy prolongation, with its inclosed ink- 

* As these paddle-shaped arms have not been introduced by Agassiz into 
his restoration of the Coceoateus, their existence, at least cu arms, must still 
be regarded as problematical. There con be n<^oubt, however, that they 
existed <u plates of very peculiar form, and greatly resembling paddles, 
and that th^ served in the economy of the animal some still unaccounted 
for purpose. 
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bag, was found attached to the calcareous spindle ; and that 
even yet, after many thousand trilobites have been carefully 
examined, it remains a questioh with the oryctologist, whether 
this crustacean of the earliest periods was furnished with legs, 
or creeped on an abdominal foot» like the snaiL 

I owe to the kindness of Mr Robertson, Inverugie, the 
specimen figured in Plate V., fig. 7, containing shells of the 
only species yet discovered in the Old Red Sandstone of Scot- 
land. They occur in the lower formation of the system, in 
a quarry >ipar Kirkwall, in which the specimen figured, with 
several others of the same kind, was found by Mr Robertson 
in the year 1844. In referring to this shell, page 99,* I 
have spoken of it as a delicate bivalve, much resembling a 
Venus ; drawing my illustration, naturally enough when de- 
scribing the shell of an ocean deposit, rather fromf» among 
marine than fluviatile testacea. I have since submitted it to 
Mr Murchison, who has obligingly written me that he “ can 
find no one to say more regarding it than that it is very like 
a Cyclus'^ He adds, however, that it must be an ocean pro- 
duction notwithstanding, seeing that all its contemporaries in 
England, Scotland, and Russia, whether shells or fish, are 
unequivocally marine. 

With the exception of two of the figures in Plate IX., — ^the 
figures of the Cefplialaspis and the HoloptychiuSj — and one of 
the sections in the frontispiece, — section 2, — all the prints of 
the volume are originala To Mr Daniel Alexander of Edin- 
burgh, — a gentleman who to the skill and taste of the su- 
perior artist adds no small portion of the knowledge of the 
practical geologist, — ^I am indebted for several of the draw- 


* Page 116 of the present edition. 
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ings, — those of fig. 2 in Plate V., fig. 1 in Plate VI., fig. 2 in 
Plate VIII., and figs. 3 and 4 in Plate IX. I am indebted 
to another fi-iend for fig. 1 in Plate VII. Wliatover defects 
may be discovered in any of the oihci's must be attributed 
to the untaught efforts of the writer, all unfamiliar hithei*to 
with the pencil, and with by much too little leisure to ac- 
quaint himself with it now. 
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SECTION I. 

Beprosents tho Old Red System of Scotland from its upper beds of 
Yellow Quartzoso Sandstone to its Great Conglomerate base. a. Quart* 
zose Yellow Sandstone. 6. Impure concretionaiy limestone inclosing 
masses of cbert. c. Red and variegated sandstones and conglomerate. 
Those throe deposits constitute an upper formation of tho system charac- 
terized by its peculiar group of fossils. (See Chapter IX.) d. Deposit of 
gray fissile sandstone, which constitutes the middle formation of the sys- 
tem, characterized also by its peculiar organic group. (See Chapter VIII. ) 
e. Red and variegated sandstones, undistinguishable often in their mineral 
character from the upper sandstones (c), but in general less gritty, and con- 
taining fewer pebbles. /. Bituminous schists. g» Coarse gritty sand- 
stone. h. Great Conglomerate. These four beds compose a lower forma- 
tion of the system, more strikingly marked by its peculiar organisms 
even the other two. (See Chapters II., III., IV., and V.) In the section 
this lower formation is repi*esented as we find it developed in Caithness 
and Orkney. In fig. 5 it is represented as developed in Cromarty, w&ere, 
though*tho fossils are identical with those of the more northern localities, 
at least one of the deposits (/) is mineralogically different, — alternating 
beds of sandstone and clay, these last inclosing limestone nodules, taking 
tho place of the bituminous schists. 


SECTION II. 

Tho Old Rod System of England and Wales, as given in the general 
Section of Mr Murchison, with the Silurian rocks beneath and the car- 
' boniferous limestone above, f. The jioint in the geological scale at which 
vertebratod existences first appear. The three Old Bed Sandstone forma- 
tions of this section correspond in their chaiacteristio fossils ^ii^ those of 
Scotland, but the proportions in which they ore developed are widely dif- 
ferent. The tilestones seem a comparatively narrow stripe in the system 
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in England : the answering formation in Scotland, e, f, g, h, is of sncb 
enormous thickness, that it has been held by very superior geologists to 
contain three distiaci formationa, —e, the Now Red Sandstone, /, a repro- 
aontatiro of the Coal Measures, and^^ A, the Old Bed Sandstone. 


SECTION lU. 

Interesting ease of extensive denudation from existing causes on the 
northern shore of th^ Moray Frith. (See pages 214 and 215.) The figures 
and*letters which mark the various bods correspond with those of fig. 5, 
and of the following section. The ** fish>bod,** No 1, represents wha* the 
roavlor will find described in pp. 237-240 as the ** platform of sudden 
death.” 


SECTION IV. 

Illustration of a fault in the Bum of Eatbie, C*i'omarty8hire« (See page 
220 and 221.) 

Plato I. — Fig. 1, Bostoration of upper side of the elongated species of 
Ptericktkya ( P. obiotigiuj, roferrod to in page 76. Fig, 2, Plerickthys Afii- 
leri. Fig. 3, Part of tail of elongated species, showing portions of the ori- 
ginal covering of rhomboidal scales. Fig. 4, Tubercles of Pterichthya mag- 
nified. 

Plate II. — Fig. 2, Bostoration of under sido of Plerichthya ohlengua. 
Fig. 1, A second specimen of PUrichthya MitUri, Fig. 3, Portion of wing, 
natural size. 

Plate 111. — Fig. 1, Coccosltua cu&pidaJtua, Fig. 2, Impmssion of inner 
surface of large dorsal plate. Fig. 3, Abdominal lozenge- shaped plate. 
Fig 4, Portion of jaw with teeth. 

Plate IV. — Fig. 1, Bostoration of Oateolepis major. Fig. 2, Scides from 
the upper part of the body magnified. Fig. 3, Ijargo defensive scale which 
runs laterally along all the single fins. Fig. 4, Under sido of scale, show- 
ing the attaching bar. Fig. 5, Enamelled and punctulatod jaw of the crea- 
ture. Fig. 6, Magnified portion of fin, showing the enamelled and punctu- 
lated rays. 

Plate V.— Fig. 1, Dipterus macrolepidotua. This figure servos merely to 
show ther place of the fins and the general outline of the iohthyolito. All 
the specimens the writer has hitherto examined fail to show the minuter 
details. Fig. 2, Olyptolepia leptopCertu. Fi^3, Single scale of the crea- 
ture, showing its rustic stylo of ornament. Fig. 4, Scale with a nail-like 
atta^ment. Fig. 6, Under side of scale. Fig. 6, Magnified portion of fin. 
Fig.'r, Shells of the Old Bed Sandstone. 

Plate Vl.->Fig. 1, Cfkeirokpia CummingcB, Fig. 2, Magnified s^es. 
Fig. 3, Magnified portion of fin. 
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Plate^VIL— Fig. 1, CheiraeanUhui mierolepidotui. Fig. 2, Magnified 
icaloB. FigB 3, 4, 6, 6, 7, 8, Vegetable impreasioiui of the Old Kod Sand- 
atone. 

Plato ym.— Fig. 1, DiplaearUM lonffUptnui. Fig, 2, IHplacanthm 
MrUUui, Fig. 3, Magnified scales of fig. 1, Fig. 4, Spine of fig. 2, slightly 
magnified. 

Plate IX.~*Fig. 1, One of the tail flaps of the gigantic Crustacean of 
Foifarshire. Fig. 2, Beticulatcd markings of Garmylie. 

Plato X.— Fig. 1, CtphalanpU Lyelliit copied from Lyeil’s ** Elements 
of Geoloj^.’* Fig. 2, Uoloptychius Nohiliuimus^ copied on a greatly re- 
duced scale from Murchison’s Silurian System.” Fig. 3, Seale of Bolop-^ 
tychiva, natural size. Fig. 4, Tooth of ditto, also natural size. These last 
drawn from specimens in the collection of Mr Patrick Duff of Elgin. 


ADOrclClTAL PLATES TO THE SEYEHTH EDITION. 

Plate XI.— Eestoration of Coccos^st^s, incomplete found in Mr Miller’s 
rcxK)BitoricB after his death. See Note C. 

Plate XII.— Restoration of Ccphalnapii, from several Bpocimons lately 
found in Forfarshire. See Note F. 

Plate XIII.— Par A;adectpte9M, from a specimen in the private collection 
of Lord Kinnaird, Bossie Priory. See remarks in Note I. 

Plate XIV.— ^guro of a Holoptychiug found some time ago in Dura 
Den, Fifeshire, and nowin the possession of a private collector in Dundee. 
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THj; OLD BED SANDSTONE; 

OR, 

NEW WALKS IN AN OLD FIEIJ). 


CHAPTER r. 


Tlio WorkiDg Man’s True Policy — His only Modo of acquiring Power — 
The Exorcise of tlie Faculties essential to Enjoyment — No necessary 
Connection Detween Labour and Unhappiness— Narrative— Scenes in a 
Quarry — The Two Dead Biixls— Landscape— Kipple Markings on a Sand- 
stone Slab — Boulder Stones — Inference derived from their Water-worn 
Appearance— Sea-coast Section— My first-discovered Fossil— lias Dox>o- 
sit on the Shores of the Moray Frith— Belemnite—IteBult of the Experi- 
ence of Half a Lifetimo of Toil — Advantages of a Wanderiog Profession 
in Connection with the Geology of a Country— Geological Opportunities 
of the Stone-Mason— Design of the present Work. 


My advice to young working men desirous of bettering tlicir 
circumstances, and adding to the amount of their enjoyment, 
is a very simple ona Do not seek happiness in what is 
misnamed pleasure j seek it rather in what is termed study. 
Keep your consciences clear, your curiosity fresh, and em- 
brace every opportunity of cultivating your minds. You 
will gain nothing by attending Chartist meetings. The fel- 
lows who speak nonsense with fluency at these assemblies, 
and deem their nonsense eloquence^ are totally unable to 
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help either you or themselves ; or, if they do succeed in 
helping themselves, it will be all at your expense. Leave 
them to hai-angue unheeded, hnd set yourselves to occupy 
your leisure hours in making yourselves wiser men. Learn 
to make a right use of your eyes : the commonest tilings 
are worth looking nt,— even stones and weeds, and the most 
familiar animals. Head good books, not forgetting the best 
of all : there is more true philosophy in the Bible than in 
every work of evciy sceptic that ever wrote ; and we would 
be all misemblc creatui'cs without it, and none more miserable 
than you. You are jealous of the upper classes ; and per- 
liaps it is too time that, with some good, you have received 
much evil at their hands. It must be confessed they have 
hitherto been doing comparatively little for you, and a great 
deal for themselves. But upper and lower classes there 
must bo so long as the world lasts ; and there is only one 
way in 'which your jealousy of them can be well directed : 
do not let them get ahead of you in intelligence. It w'ould 
be alike un'wise and unjust to attempt casting them down to 
your own level, and no class would suffer more in the at- 
tempt than yourselves ; for you would only be clearing the 
'way, at an immense expense of blood, and under a tremen- 
dous pressure of misery, for another and perhaps worse aris- 
tocracy, w’ith some second Cromwell or Napoleon at their 
head. Society, however, is in a state of continual flux : 
some in the upper classes are from time to time going down, 
and some of you from time to time mounting up to take 
their places, — always the more steady and intelligent among 
you, remember ; and if all your minds were cultivated, not 
merely intellectually, but morally also, you would find your- 
selves^ as a body, in the possession of % power which every 
cdiorter in the world could not confer upon you, and which 
all the tyranny or injustice of the world could not withstand. 

I intoided, however, to speak rather of the pleasure to be 
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derived by even the humblest^ in the pursuit of knowledge, 
than of the power with which knowledge in the masses is 
invariably accompanied. For®it is surely of greater import- 
ance that men should receive accessions to their own happi- 
neas, than to the inlluence which they exert over other men. 
There is none of the intellectual, and none of the moral 
faculties, the exercise of wliich docs not lead to enjoyment ; 
nay, it is chiefly in the active employment of these that all en- 
joyment consists ; and hence it is that happiness bears so little 
reference to station. It is a truth which has been often told, 
but very little heeded or little calculated upon, that though 
one nobleman may be happier than another, and one labourer 
happier than another, yet it cannot be at all premised of their 
respective orders that the one is in any degree happier than 
the other. Simple as the fact may seem, if universally re- 
cognised it would save a great deal of useless discontent, 
and a great deal of envy. Will my humble readers permit 
mo at once to illustrate this subject, and to introduce the 
chapters which follow, by a piece of simple narrative ? I 
wish to show them how possible it is to enjoy much happi- 
ness in very mean employments. Cowper tells us that la- 
bour, though the primal curse, “has been softened into 
mercy and I think that, even had he not done so, I would 
have found out the fact myself 

It was twenty years last February since I set out^ a little 
before sunrise, to make my first acquaintance with a life of 
labour and restraint ; and I have rarely had a heavier heart 
than on that morning. I was but a slim, loose-jointed boy 
at the time, fond of the pretty intangibilities of romance, 
and of dreaming when broad awake ; and, woful change ! I 
was now going to work at what Bums has instanced, in his 
“ Twa Dogs,” as one of the most disagreeable of all employ- 
ment£f, — ^to work in a quarry; Bating the passing uneasiness 
occasioned by a few gloomy anticipations, the portion of my 

m 
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life which liad already gone by had been happy beyond the 
common lot. I had been a wanderer among rocks and woods, 
a reader of curious books wheh I could get them, a gleaner 
of old traditionary stories ; and now” 1 was going to exchange 
all my day-dreams, and all my amusements, for the kind of 
life in which men toil every day that they may be enabled 
to eat, and eat every day that they may be enabled to toil ! 

The quarry m 'which I wrought lay on the .southern shore 
of a noble inland bay, or frith rather, w”ith a little clear 
stream on the one side, and a thick fir w”ood on the other. 
It liad been opened in the Old Red Sandstone of the district, 
and was overtopped by a huge bank of diluvial clay, which 
rose over it in some places to the height of nearly thirty 
feet, and which at this time was rent and shivered, wherever 
it presented an open front to the weather, by a recent frost 
A heap of loo3c fragments, which had fallen from above, 
blocked up the face of the quarr}% and my first employment 
was to clear them away. The friction of the shovel soon 
blistered my hands, but the pain w”as by no means very se- 
vere, and I wrought hard and 'willingly, that I might sec 
how the huge strata below, which presented so firm and un- 
broken a frontage, were to be tom up and removed. Picks, 
and wedges, And levers, were applied by my brother-work- 
men ; and, simple and rude as I had been accustomed to re- 
gard these implements, I found I had much to h^arn in the 
way of using thcnL They all proved inefficient, however, 
and the workmen had to bore into one of the inferior strata^ 
and employ gunpowder. The process was new to me, and I 
deemed it a highly amusing one ; it had the merit, too, of 
being attended with some such dcgre«(,of danger as a boating 
OP rock excursion, and had thus an interest independent of 
its Dovelty. We had a few capital shots : the fragments flew 
in every direction ; and an immense mass of the diluvium 
came toppling down, beaiing with it two dead birds, that in 
♦ 
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a recent storm had crept into one of the deeper fissures, to 
die in the shelter. I felt a new interest in examining them. 
The one was a pretty cock goldfinch, with its hood of ver- 
milion, and its wings inlaid with the gold to which it owes 
its name, as unsoiled and smooth as if it had been preserved 
for a museum. The other, a somewhat rarer bird, of the 
woodpecker tribe, was variegated with light blue and a gray- 
ish yellow, I was engaged in admiring the poor little things, 
more disposed to be sentimental, j)orhaps, than if I liad been 
ten years older, and thinking of the contrast between the 
warmth and jollity of their green summer haunts, and the 
cold and darkness of their last retreat^ when I heard our em- 
ployer bidding the workmen lay by their tools. I looked up, 
and saw the sun sinking behind the thick fir wood beside us, 
and the long dark shadows of tlie trees stretching downwards 
towards the shore. 

This was no veiy formidable beginning of the course of 
life I had so much dreaded. To be sure, my hands were a 
little sore, and 1 felt nearly as much fatigued as if I had been 
climbing among the rocks ; but I had wrought and been use- 
ful, and had yet enjoyed the day fully as much as usual. It 
was no small matter, too, that the evening, converted, by a 
rare transmutation, into the delicious “ blink of rest” which 
Bums so truthfully describes, was all my own. I was as 
light of heart next morning as any of my brother-workmen. 
There had been a smart frost during the nighty and the rime 
lay white on the giBss as we passed onwards through the 
fields ; but the sun rose in a clear atmosphere, and the day 
mellowed, as it advanced, into one of those delightful days 
of early spring which give so pleasing an earnest of what- 
ever is mild and genial in the better half of the year. All 
the workmen rested at mid-day, and I went to enjoy my half- 
hour alone on a mossy knoll in the neighbouring wood, which 
commands through the trees a wide prospect of the bay and 
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the opposite shore. There wtis not a nmnkle on the vaieri 
nor a cloud in the shy, and the himndies were as moveless 
in the calm as if they had beeU traced on canvass. From a 
wooded promontory that stretched half-way across the frith 
there ascended a thin column of smoka It rose straight as 
the line of a plummet for more than a thousand yards, and 
then, on reaching a thinner stratum of air, spread out equally 
on every side, like the foliage of a stately tree. Ben Wyvis 
rose to the west, white with the yet unwasted snows of win- 
ter, and as sharply defined in the clear atmosphere as if all 
its sunny slopes and blue retiring hollows had been chiselled 
in marbla A line of snow ran along the opposite hills : all 
above was white, and all below w'as purple. Tliey reminded 
me of the pretty French story, in vrhich an old ai-tist is de- 
scribed as tasking the ingenuity of las future son-in-law, by 
gi^ ing him as a subject for his pencil a flower-piece composctl 
of only white flowers, of wdiich the one-half were to bear 
their proper colour, tlic other half a deep purple hue, and 
yet all be perfectly natural ; and how the young man re- 
solved the riddle and gained his mistress, by introducing a 
transparent purj)lo vase into the picture, and making the 
light pass through it on the flowers that were drooping over 
the edge. I returned to the quarry, convinced that a very 
exquisite pleasure may be a very cheap one, and that the 
busiest employments may afford leisure enough to enjoy it 
The gunpowder had loosened a large mass in one of the 
inferior strata, and our first employment, on resuming our 
labours, was to raise it from its bed. I assisted the other 
workmen in placing it on edge, and was much struck by the 
appearance of the platform on which it had rested. The en- 
tire surface was ridged and furrowed l^e a bank of sand that 
had been left by the tide an hour before. I could trace every 
bend and cuiwature, every cross hollow and counter ridge, of 
the corresponding phenomena ; for the resemblance was no 
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half resemblance^ — was the thing itself ; and 1 had observ- 
ed it a hundred and a hundred times^ when sailing mj little 
schooner in the shallows left hy the ebK But what had be- 
come of the waves that had thus fretted the solid rock, or of 
what element had they been composed } I felt as complete- 
ly at fault as Bobinson Crusoe did on his discovering the 
print of the man’s foot on the sand The evening furnished 
me with still further cause of wonder. We raised another 
block in a different part of the quarry, and found that the 
area of a circular depression in the stratum below was broken 
and flawed in every direction, as if it had been the bottom 
of a pool recently dried up, which had shrunk and split in 
the hardening. Several large stones came rolling down from 
the diluvium in the course of the afternoon. They were of 
different qualities from the sandstone below, and from one 
another ; and, what was more wonderful stUl, they were all 
rounded and water-worn, as if they had been tossed about in 
the sea or the bed of a river for hundreds of years. There 
could not, surely, be a more conclusive proof that the bank 
which had enclosed them so long could not have been created 
on the rock on which it rested. No workman ever manu- 
factures a half-worn article, and the stones were all half-worn ! 
And if not the bank, why then the sandstone underneath 1 
I was lost in conjecture, and found I had food enough for 
thought that evening, without once thinking of the unhap- 
piness of a life of labour. 

The immense masses of diluvium which we liad to clear 
away rendered the working of the quany laborious and ex- 
pensive^ and all the party quitted it in a few days, to make 
trial of another that seemed to promise better. The one we 
left is situated, as 1 liave said, on the southern shore of an 
inland bay, — ^the Bay of Cromarty ; the one to which we 
moved has been opened in a lofty wall of difis that over- 
hangs the northern shore of the Moray Erith. I soon foimd 
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I ivas to be no loser by the chonga Not the united labours 
of a thousand men for more than a thousand years could 
have furnished a better sectioxf of the geology of the district 
than this range of cliffa It may be regarded as a sort of 
chance dissection on the earth's crust We see in one place 
the primary rock, with its veins of granite and quartz, its 
dizzy precipices of gneiss, and its huge masses of homeblend ; 
we find the secondary rock in another, with its beds of sand- 
stone and shale, its spars, its clays, and its nodular lime- 
stones. We discover the still little-known but highly intc^ 
resting fossils of the Old Red Sandstone in one deposition , 
we find the beautifully preserved shells and lignites of the 
Uas ill another. There are the remains of two several crea- 
tions at once before us. The shore, too, is heaped with 
rolled fragments of almost every variety of n^ck, — ^l)asalts, 
ironstones, hyperstcncs, porphyries, bituminous shales, and 
micaceous schists. In short, the young geologist^ had he all 
Europe before him, could hardly choose for Jiimself a bettor 
field. I had, however, no one to tell me so at the time, for 
Geology had not yet travelled so far north ; and so, without 
guide or vocabulaiy, I had to grope my way as I best might, 
and find out all its wonders for myself. But so slow was 
the process, and so much was I a seeker in the dark, that 
the facts contained in these few sentences were the patient 
gatherings of years. 

In the course of the first day’s employment I picked up a 
nj^dular mass of blue limestone, and laid it open by a stroke 
of the hammer. Wonderful to relate, it contained inside a 
beautifully finished piece of sculpture, — one of the volutes, 
apparently, of an Ionic capital ; and not the far-famed wal- 
nut of the fiiiiy tale, had I broken the^shell and found the 
little dog lying within, could have surprised me more. Was 
there. another such curiosity in the whole world? I broke 
open a few other nodules of similar appearance, — ^for they lay 
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pretty thickly on the shor^ — and found that there mij^t; 
In one of these there were what seemed to be the scales of 
fishes, and the impressions of h few minute bivalves, prettily 
striated ; in the centre of another there was actually a piece 
of decayed wood Of all Nature's riddles, these seemed to 
me to be at once the most interesting and the most difiicult 
to expoimd. I treasured them carefully up, and was told 
by one of the. workmen to whom I showed them, that there 
was a part of the shore about two miles farther to the west 
where curiously-shaped stones, somewhat like the heads of 
boarding-pikes, were occasionally picked up ; and that in his 
father s days the country people called them thunderbolts, 
and deemed them of sovereign efficacy in curing bewitched 
cattle. Our employer, on quitting the quany for the build- 
ing on which we were to bo engaged, gave all the workmen 
a half-holiday. I employed it in visiting the place where 
the thunderbolts had fallen so thickly, and found it a richer 
scene of wonder than 1 could have ffincied in even my 
dreams. 

What first attracted my notice was a detached group of 
low-lying skerries, wholly different in form and colour from 
the sandstone cliffs above or the primary rocks a little far- 
ther to the west. 1 found them composed of thin strata of 
limestone, alternating with thicker beds of a black slaty 
substance, which, as I ascertained in the course of the even- 
ing, bums with a powerful flame, and emits a strong bitu- 
minous odour. The layers into wliich the beds readily se- 
parate are hardly an eighth part of an inch in thickness, and 
yet on every layer there are the impressions of thousands and 
tens of thousands of the various fossils peculiar to tlie Lias. 
We may turn over these wonderful leaves one after one^ like 
the leaves of a herbarium, and find the pictorial records of a 
former creation in every page : scallops, and giyphites, and 
ammonites, of almost every variety peculiar to the formation, 
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and at least jsome eight or ten varieties of bdemnite ; twigs 
of wood, leaves of plants, cones of an extinct species of pine^ 
bits of charcoal, and the scales of fishes ; and, as if to render 
ihdr pictorial appearance more striking, though the leaves 
of this interesting volume are of a deep blank, most of the 
impressions are of a chalky whiteness. 1 was lost in admi- 
ration and astonishment, and found my very imagination 
paralysed by an assemblage of wonders that seemed to outp- 
rival in the fantastic and the extravagant even its wildest 

conceptions, I passed on from ledge to ledger like the trar 

and at length 

Jhadoneof the ^ipjmd nmlitm I had ctnuc in <1111*81 of 
finnly iniWUWl \t\ u uhisa lA sWV, But I liail skill I'uoiigh 
to i^itoYtmue Ihul \t was other than what it had heen deemed. 

A vm near relative, who had heou a sailor in his time on 
almost every ocean, and had vi/itcd almost every quarter of 
the globe, had brought home one of these meteoric stones 
with him from the coast of Java. It was of a cylindrical 
shape and vitreous texture, and it seemed to have parted in 
the middle when in a half-molten state, and to have united 
again, somewhat awry, ere it had cooled enough to have lost 
the adhesive quality. ' But there was nothing organic in its 
structure ; whereas the stone I had now found was organized 
very curiously indeed. It was of a conical form and fila- 
mentaiy texture the filaments radiating in straight lines 
h'om the centre to the circnmferenca Finely-marked veins 
like white threads ran transversely through these in its upper 
half to the point ; while the space below was occupied by an 
internal cone, formed of plates that lay parallel to tlie base, 
and which, like watch-glasses, were concave on the under 
side and convex on the upper. I learned in tiihe to call this 
stone a belemnite, and became acquainted with enough of 
its history to know that it once formed part of a variety of 
cuttlo-fish, long since extinct. 
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My first year of labour came to a closer and 1 found that 
the amount ci my happiness had not been less than in the 
last of my boyhood My knbwledge^ too, had inmased in 
more than the ratio of former seasons ; and as I had ac- 
quired the skill of at least the common mechanic, 1 had fitted 
myself for independenca The additional experience of twenty 
years has not shown me that there is any necessary connec- 
tion between a life of - toil and a life of wretchedness ; and 
when 1 have found good men anticipating ahetter and a hap- 
pier time than either the present or the past, the conviction 


that in every period of the wor]d*s history the greet hulk of 



inclined me to scejiticism. 


My curiosity, once fully awakened, remained awake^ and 
my opportunities of gratifying it have been tolembly ample, 
I have been an explorer of caves and ravines, a loiterer along 
sca-shores, a climber among rocks, a labourer in quarries. 
My profession was a wandering ona I remember passing 
direct, on one occasion, from the wild western coast of Boss- 
shire, where the Old Bed Sandstone leans at a high angle 
against the prevailing quartz rock of the district-, to where, 
on the southern skirts of Mid-Lothian, the Mountain lime- 
stone rises amid the coal. I have resided one season on a 
raised beach of the Moray Frith. I have spent the season 
immediately following amid the ancient granites and contort- 
ed schists of the central Highlands. In the north 1 have 
laid open by thousands the shells and lignites of the Oolite ; 
in the south I have disinterred from their matrices of stone 
or of shale the huge reeds and tree ferns of the Carboniferous 
period. I have been taught by experience, too, how neces- 
sary an acquaintance with the geology of both extremes of 
the kingdom is to the right understanding of the formations 
of either. In the north there occurs a vast gap in the scala 
The Lias leans unconfonnably against the Old Bed Swd- 



%\«Mi \ iVcte *18 no Uo\\u\ak limestone, no Cos! Mcasuwas 
none of tlie ISew M MarU or Sandstones, Under or Upper. 
There arc at least three eutito systems omitted. But the 
upper portion of the scale is well nigh complete. In one lo- 
cality we may pass from the Lower to the Upper Lias ; in 
another, from the Inferior to the Great Oolite, and onward 
to the Oxford Clay and the Coral Rag. We may explore, 
in a third locality, beds identical in their organisms with the 
Wealden of Sussex. In a fourth we find the flints and fos- 
sils of the Chalk. The lower part of the scale is also well 
nigh complete. The Old Red Sandstone is amply developed 
in Moray, Caithness, and Ross, and the Grauwacke, in its 
more ancient unfossiliferous type, rather extensively in Banff- 
shire. But to acquaint one’s self with the three missing for- 
mations, — to complete one’s knowledge of the entire scale by 
filling up the hiatus, — it is necessary to remove to the south. 
The geology of the Lotliians is the geology of at least two- 
thirds of the gap, and perhaps a little more : the geology 
of Arran wants, it is supposed, only the Upper New Red 
Sandstone to fill it entirely. 

One important tmth I would fain press on the attention 
of my lowlier readers : there are few professions, however 
humble, that do not present their peculiar advantages of ob- 
servation ; tlierc are none, I repeat, in which the exercise of 
the faculties does not lead to enjoyment. I advise the stone- 
mason, for instance, to acquaint himself with Geology. Much 
of his time must he spent amid the rocks and quarries of 
widely-separated localities. The bridge or harbour is no 
. sooner completed in one district than he has to remove to 
where the gentleman’s scat or fami-steading is to he erected 
in another ; and so, in the course of a few years, ho may pass 
over the whole geological scale, even when restricted to Scot- 
land, from the Grauwacke of the Lammermuirs, to the Weal- 
den of Moray or the Chalk-flints of Banffshire and Aberdeen ; 
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and this, too, with opportunities of observation at every 
stage which can be shared with him by only the gentleman 
of fortune who devotes his whole time to the study. Nay, 
in some respects his advantages are superior to those of the 
amateur liimself The latter must often pronounce a forma- 
tion unfossiliferous when, after the examination of at most a 
few days, ho discovers in it nothing organic ; and it will be 
found tliat half the mistakes of gcologiste have arisen from 
conclusions thus hastily formed. But the working man, 
whose employments have to be carried on in the same for- 
mation for months, perhaps years, together, enjoys better ojv 
portunitics for arriving at just decisions. There are, besides, 
a thousand varieties of accident which lead to discovery, — 
floods, storms, landslips, tides of unusual height^ ebbs of ex- 
traordinary fall ; and the man who plies his labour at all 
seasons in the open air has by much the best chance of. pro- 
fiting by thesa There are formations which yield their or- 
ganisms slowly to the discoverer, and the proofs wliich estab- 
lish tlioir place in the geological scale more tardily stilL I 
was acquainted with the Old Bed Sandstone of Boss and 
Cromarty for nearly ten years ere I had ascertained tliat it 
is richly fossiliferous, — a discovery which, in exploring this 
formation in those localities, some of our- first geologists had 
failed to anticipate : I was acquainted with it for nearly ten 
years more ere I could assign to its fossils their exact jilace 
in the scale. 

In the following chapters I shall confine my observations 
chiefly to this system and its organisms^ To none of the 
others perhaps, excepting the Lias of the north of Scotland, 
have I devoted an equal degree of attention ; nor is there a 
formation among them vrhich, up to the present time, has 
remained so much a te9'7'a incognita to the geologist. The 
space on both sides has been carefully explored to its upper 
and lower boundary ; the space between has been saiiered to 
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remain 'well nigh a chiusm. Should my facts regarding it^ — 
&ct8 constituting the slow gatherings of years, — serve as step- 
ping-stones laid across, until such time os geologists of gi*eater 
skill and more extended resoai-ch shall have bridged over the 
gap, I shall have completed half my design. Should tlio 
working man be encouraged by my modicum of success to 
improve his opportunities of observation, I shall have accom- 
plished the whole of it It cannot be too « xtensively know , 
tliat nature is vast and knowledge limited, and that no indi- 
vidual, however humble in place or acquirement, need do- 
sp^ of adding to the general fund. 
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CHAPTER IL 


The Old Bod Sandstone— Till very lately its Existence as a Distinct Fenna- 
tion disputed— Still little known— Its great Importance in the Geological 
Scale— Dlustration— The North of Scotland girdled by an immense Beit 
of Old Bod Sandstone— Liao of the Girdle along the Coast— Marks of 
vast Denudation — Its Extent partially indicated by Hills on the Western 
Coast of Boss-shire- The System of great Depth in tho North of Scot- 
land — Difficulties in the way of Estimating tho Thickness of Dex>osits — 
Peculiar Formation of Hill — Illustrated by Ben Nevis— Caution to tho 
Geological Critic— Low*cr Old Bed Sandstone immensely Developed in 
Caithness— Sketch of tho Geology of that County— Its strange Group 
of Fossils— Their present Place of Sepulture— Their Ancient Habitat — 
Agassiz— Amazing Progi’css of Fossil Ichthyology during the last few 
Years- Its Nomenclature— Learned Names roi'.cl Unlearned Bcadors— 
Not a great deal in them. 


“ The Old Red Sandstone,” says a Scottish geologist^ in a 
digest of some recent geological discoveries which appeared 
a short time ago in an Edinburgh newspaper, “ has been 
hitherto considered as remarkably barren of fossils.” The 
remark is expressive of a pretty general opinion among 
geologists of even the present* time, and I quote it on this 
account Only a few yearn have gone by since men of no 
low standing in tho science disputed the very existence of 
this formation, — system leather, for it contains at least thi*cc 
distinct formations ; and but for the influence of one accom- 
plished geologist, the celebrated author of tho “ Silin*ian Sys- 
tem,” it would have been probably degraded from its place in 
the scale altogether. “You must inevitably give up the 
Old Red Sandstone,” said an ingenious foreigner to Mr Mur- 
chison, when on a visit to England about four ycara ago, 
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and wliose celebrity among his own countrymen rested chiefly 
on his researches in the more ancient formations, — “you 
must inevitably give up the Old Red Sandstone :«it is a mere 
local deposit, a doubtful accumulation huddled up in a cor- 
ner, and has no type or representative abroad.” “ I would 
willingly give it up if Nature would,” was the reply ; “ but 
it assuredly exists, and I cannot.” In a recently ])iibli.shcd 
tabul:^ exhihhion of tlw gt'o/ogiVal scale by a continental 
geologist, 1 could not distinguish this system at all. There 
are soiu'i of our British geologists, too, who still regaril it os 
a sort of debateable tmet, entitled to no iudepeiideut statu.H. 
They find, in what they deem its upper beds, the fossils of 
the Coal Measures, and the lower grad uti ting apparently into 
the Siliman System ; and regard the whole as a sort of 
common, which should be divided as proprietors used to 
divide commons in Scotland half a century ago, by giving a 
portion to each of the bordering ten’itorics. Even the bettcr- 
iufonned geologists, who a«s}gn to it its pro})iT place as an 
independent formation, famished with its own organisms, 
contrive to say all tlicy know regarding it in n very few 
paragraphs, Lyell, in the first edition of his admirable 
elementary work, published only two years ago, devotes 
more than thirty pages to his desenption of the Coal Mea- 
sures, and but tvro and a half to his notice of the Old Red 
Sandstone.* ** 

* As tbo succinct notice of this disUnguisbod goolo^st nay serre an a 
ftort of poc!i;cb-niax> to tbo reader in indicating tho ponition of tho syatem, 
itn three gicab deposits, and its extent, I take tbo liberty of transforring 
it entire. 

** OLD BED SANDSTONE. ^ 

** It was stated that ibe Carboniferous formation was surmounted by 
one caUed ibe Now Hod Sandstone, and underlaid by another called the 
Old Ilod, wliicb last was formerly merged in the Carboniferous System, 
but is now found to bo distinguishable by its fossils, Old Hod Sand- 
stone is of enormocs thickness in Ilerefordsliiro, Worecstorsbire, Sbroj)- 
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It will be found, however, tliat this hitherto neglected 
system yields in importance to none of the others, whether 
we take ints account its amazing depth, the great extent to 
which it is developed both at home and abroad, the interest- 
ing links which it furnishes in the zoological scale, or the 

flliire, and Souili Wales, where it is seen to crop out beneath the Coal 
Measures, and to repose on the Silurian Rocks. In that region its thick- 
ness has been estimated by Mr Murchison at no less than ten thousand feet. 
It oonsisis there of — * 

** 1st, A quartzose conglomerate passing downwards into chocolate-red 
and green sandstone and marl. 

** 2(i, Cornstone and marl (red and green ai-gillaceous spotted marls, 
with irregular courses of impure concretionary limestone, provincially 
called Cornstone, mottled red and green, — remains of fishes). 

** 3d, Tilestone (finely laminated hard reddish or green micaceous or 
quartzose sandstones, which split into tiles, — ^remains of moUusca and 
fishes). 

** I have already observed that fdssils are raro in marls and sandstones 
in which the rod oxide of iron prevails. In the Cornstone, however, of 
the counties above mentioned, fishes of the genera Cephalaspis and Onchus 
have been discovered. In the Tilestone also, Ichthyodonilltes of the 
genus Onchus have been obtained, and a species of Diptcrus, with mol- 
luBca of the genera Avicula, Area, Cucullasa, Teiubratula, Lingula, Turbo, 
Trochus, Turritella, Bclleropbon, Oi’thocei’as, and others. 

' By consulting geological maps, the reader will perceive that from 
Wales to the north of Scotland the Old Red Sandstone appears in patches, 
and often* in largo tracts. Many fishes have been found in it at Caithness, 
and various organic remains in the northern pari of Fifeshire, where it 
crops out from beneath the Coal formation, and spreads into the a<]yoiniDg 
northern half of Forfarshire ; forming, together with imp, the Sidlaw 
Hills and valley of Strathmore. A large bolt of this forpaation skirts the 
northern borders of tho Grampians, from the sea-coast at Stonehaven and 
the Frith of Tay to tho opposite western coast of the Frith of Clyde. In 
Forfarshire, where, as in Herefordshire, it is many thousand feet thick, it 
may be divided into throe principal masses ; Isf, Red and mottled marls, 
cornstone, and sandstone ; Conglomerate, often df vast thickness,; 3(/, 
Tilestones and paving stone, highly micaceous, and containing a slight ad- 
mixture of carbonate of lime. In the uppermost of these divisions, but 
chiefly in tj^ie lowest, the remains of fish have been found of tho genus 
named by M: Agassiz, Cephalaspis or buckler-headed, from tho extraor- 
dinary shield which covers the head, and which has often been mistaken 
for that of a irilobite of tho division Asaphus. A gigantic species of fish 
of the genus Holopty ohius has also been found by Dr Fleming in the Old Bed 
Sandstone of Fifeshire. ’’---Lyell's ^Elements,*’ pp. 452, 3, 4, (See Hote A,) 

D 
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mrt period of time wbicli it represents. There ere localitiee 
in Erhidh the depth of the Old Bed Sandstone fully equals 
the elevation of Mount Etna over the level of#ie sea^ and 
in which it contains three distinct groupcs of oiganic remains, 
the one rising in beautiful progression over the other. Let 
the reader imagine a digest of English hUtory, coniplcte 
from the times of the invasion of J iilius Ciesar to the reign 
of that Harold who was slain at Hastings, and from the 
times of Edward 111. down to the present day, but bearing 
no record of the Williams, the Ilenrys, the Edwards, Uie 
John, Stephen, and llichard, that reigned during the omitted 
period, or of the striking and important events hy which 
their several reigns were distinguished. A chronicle thus 
mutilated or incomplete w'oukl be no uniii)t representation of 
a geological history of the euilli in 'which the period of the 
Upper Silurian would be coimecteil witli tliat of tlie Moun- 
tain Lime.stouo or of the limestone of Ihirdiehouse, and the 
period of the Old lied Sjiudstone omittcul. 

The eastern and western co.asts of Scotland, which lie to 
the north of the Friths of Forth and Clyde, together with 
the southern flank' of the Grampians and the northern coast 
of Sutherland and Caithness, appear to have been girdled at* 
some early period by immense continuous bods of Old Red 
Sandstone. At a still earlier time the girdle scorns to have 
formed an entire mantle, wliich covered the enclosed tract 
from side to side. The interior is composed of what, after 
the elder geologists, I sliall term primary rocks, — porphyries, 
giunites, gneissas, and micaceous schists ; and this central 
nucleus, as it now exists, sccims set in a sandstone frame. 
The southern bar of the frame is still entire ; it stretches 
along the Grampians from Stonehaven t? the Frith of Clyde. 
The northern bar is also well nigh entire ; it runs unbroken 
along the whole northern coast of Caithness, and studs in 
thi'ce seveml localities the northern coast of Sutherland, 
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leaving breachee of no very conaiderBble extonttbefeireen. On 
the east there ate oonsideEablf gaps^ as along tiie shoreB of 
Aberdeenshfare.* The sandstone^ hovrever, appears at Chmir 

* The progroBS of discoveiy has shown, since this passage was written, 
that these gaps are not quite so considerable as I had supposed. The iol- 
lowing paragraph, which appeared in July 1843, in an Aberdeen paper, 
bears directly on the point, and is worthy of being preserved 

** ARTESIAN WELL. 

** The greatest of these interesting works yet existing in Aberdeen has 
Just been successfully completed at the tape- works of Messrs Milne, Low, 
& Co. Woolmanhill. The boro is 8 iochos in diameter *and 250 feet 9 
inches deep. It required nearly eleven months* working to complete the 
excavation. 

In its progress the following strata were cut through in succession 

6 feet vegetable mould. 

18 foot gray or bluish clay. 

20 feet sand and shingle, enclosing rolled stones of vaiious sixes. 

G feet light blue clay. 

3 foot rough sand and shingle. 

115 feet Old Ked Sandstone conglomerate, composed of red clay, quarts, 
mica, and rolled stones. 

74 feet alternating strata of compact fine-grained Bed Sandstone, .varying 
in thickness from 1 to 7 foot, and clay varying from 6 inches to 
12 fuel tliick. • 

8 foot 9 inches mica slate formation, the first two feet of which were 
chiefly a hard brown quartxose substance, containing iron, man- 
ganese, and carbonate of lime. 

250 feet 9 inches. 

^^Tho temperature of the water at the.bottom of the well, when com- 
pleted, was found to bo within a fraction of 50° Fahrenheit, and the ave- 
rage temperature of the locality, deduced from twenty-three years* obser- 
vation by the late George innes, F.B.S. isd?'’ 1' : hcnco nearly 3 degrees 
of increase appear as the effects of conti'al heat. The supply of water ob- 
tained is excellent in quality, and sufficient in quantity for all the pur- 
poses of the works. Such an opportunity of invostigatiug tho geology of 
the locality can but rarely occur ; and in the present iustanco the pro- 
prietor and managers afforded every facility to scientific inquirers for oon- 
duoting examinations. To make the bearings of the case clear and simple, 
the following is quoted fTOm Mr Miller's work on the Old Bed Sandstone. 
[Tho writer hero quotes tho above passage^ and then proceeds.] dr Miller 
will bo glad to Icam, that though the convulsions of nature have shattered 
tho * frame’ along the shores of Aberdeonsbire, yet the fragments aiw not 
lost, as will be seen fi-om tho section above described j they are hero repos- 
ing in situ under the accumulatod debris of uncounted ages,— chiefly the 
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ri^ in the county of in a line parallel to the coasts 

and^ after another intcrruptipn, follows the course of the 
Moray Frith &r into the interior of the great Caledonian 
vaUey, and then, ninning northward along the shores of Cro- 
marly, Boss, and Sutherland, joins, after another brief inter- 
ruption, the noi-them bar at OtiitUness. Tlio western bar 
has also its broaches towaixls the south ; but it stretches, al- 
most without mteriniptioii, for about a hundi*ed miles from 
the near ncighbourliood of Cape Wrath to tlic southern ex- 
tremity of Applecross ; and, though gi oatl}' disturbtxl and over- 
flown by the titips of the inner Hebrides, it can be tmeed by 
occasional patches on towards the southern bar. It appeal's on 
the northern shore of Loch Alsh, on the eastern sliore of 
Loch Eiohaii, on the southern slioro of Loch Eil, on the coast 
and islands near Oban, and on the east coast of An*an. De- 
tached hills and Lslaud-liko patches of the Sixino formation 
occur in sovcrul pai’ts of the interior, far within tlie frame or 
girtllc. It caps some of the liigher summits in Sntlierland- 
shirc ; it forms an oasLs of sand.slono among tlio primary clLs- 
tricts of Strathspey ; it rises on the northern shoi-es of Ijoch 
Ness in an immense mass of conglomerate, based on u Ririall- 
giuined red gnmite, to a height of about three t]ious;ind feA 
over the level ; and on the imi-th-wcstern coast of Koss-shiro 
it forms three immense iitsulatcd hills, of at least no lower 
^altitude, that rc.st unconformably on a base of gneiss. 

There appear cverj^where in connection with these patches 

boulder clay, and sedimoutary doposits of the Dec and Don, during a 
period when they mingled their waters in the basin in which Aberdeen 
now stands. The primary rocks— the settings— our grauitos of maiohless 
beauty— stand out in bold relief a milo or two westward from the sea- 
coast. Within this year or two, tbo Old Red bai^^en discovered at De- 
vanha, Union Grove, Huntly Stroet, Glouburnio, Balgowuie, and various 
other locaUties to the northward. Hence it may reasonably bo inferred, 
that OUT .fragment of the ‘frame’ envelops the primary rocks under our 
mty, and along the coast for a considerable distance between the Boo and 
the BuchaimeBs.”— CimitUutUmal* 
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and eminences, and with the surrounding girdle^ marks of 
vast dcnudatioa I have often stood fronting the three 
Bess^ire hills* at sunset in the finer summer ev^nings^ 
when the clear light threw the shadows of their gigantic 
cone-like forms fiir over the lower traci^ and lighted up the 
lines of their horizontal strata, till th^ showed like courses 
of masonry in a pyramid They seem at such times as if 
coloured by the geologist, to distinguish them from the sur- 
rounding tract, and from the base on which they rest as on 
a common pedestal The prevailing gneiss of the district 
reflects a cold bluish hue, here and there speckled with whiter 
where the withered and lichened crags of intermingled quartz- 
rock jut out on tlic hill-sides from among the heath. The 
three huge pyramids, on the contrary, from the deep red of 
the stone, seem flaming in puiqde. TJicre spreads all around 
a wild and desolate landscape of broken and shattered hills, 
separated by decjp and gloomy mAnnes, that seem the rents 
and Assures of a planet in mins, and that speak distinctly of 
a period of convulsion, w^hen upheaving fii’cs from the abyss^ 
and ocean-cuiTcnts above, had contended in sublime antagon- 
ism, — the one slowly elevating the entire tract, the other 
grinding it do^vn and sweeping it away. I entertain little 
doubt, that when tliis loftier portion of Scotland, including 
the entire Highlands, first presented its broad back over the 
vraves, the up[)cr surface consistcil exclusively, from the one 
extremity to the other, — ^from Bon Lomond to the hlaidcnpaps 
of Caithness, — of a continuous tract of Old Red Sandstone, 
though, ore the land finally emerged, the ocean-currents of 
ages had swept it away, all except in the lower and last- 
raised bordci's, and in the detached localities, where it still 
remains, as in the pyiumidal hills of western Ross-shire, to 
show the amazing depth to w^hich it had once overlaid the 


* Sail Vcixiii, Coul Bog, and Coal More. 
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inferior rocks. The Old Red Sandstone of Morvheim in 
Caithness overlooks all the primary hills of the district from 
an elevation of three thousand five hundral feet 

The depth of tlio system, on both the eastern and western 
coasts of Scotland, is amazingly great, — how great I shall 
not venture to siiy. There are no calculations more doubt- 
ful than those of the geologist The hill just instanced 
(Morvheim) is apparently composetl, fi-om top to bottom, of 
what in Scotland fonns the lowest member of the system, 
— a coarse conglomenite ; and yet I have nowhere observed 
this inferior member, when I succeeded in finding n section 
of it directly vertical, more than a hundred yaitls in thick- 
ness, — less than onc-tentli the height of the hill. It would 
be well nigh as unsafe to infer that the three thouwmd five 
hundred foot of altitude formed the real thiedenoss of the 
conglomerate, as to infer that the thi< km‘ss «)f the h‘ail which 
covera the dome of St raul’s is eijnal to ll»o lielght of ihu 
dome. It is always penloin to estijnate the deptlj of a de- 
posit by the lieight of a hill that s(jeiiis extenmlly compostMl 
of it, unless, indeed, like the pyramidal hills of IIo.sh shire, it 
be unequivocally a hill dug t»ut by denudation, as the scul[v 
tor digs Ids eminences out of the ijia.^'s. In most of our hills 
the upheaving agency has been a^itirely at Mork, and the 
space within is occupied by an immense nucleus c»f iiffenor 
rock, around which the ujijicr formation is wrai>ped like a 
caul, just as the vt'gr-table mould or the diluvium wmj>» up 
this supenor covering in turiL One of our best known 
Scottish mountains — the gigantic Ben Nevis — funii.shes an 
admirable illustration of this latter construction of hill. It 
ia composed of three zones or rings of rock, the one rising 
over and out of the other, like the cases )^f an opcra-glaas 
drawn out The lower zone is composed of gneiss and mica- 
alate^ the middle zone of granite, the temunating zone of 
porphyry. The elevating power appears to have acted in 
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tlio Centro, as in the well-known case of Jomllo, in the 
neighbourhood of the city of Mexico, where a level tract 
four 6(][uare miles in extent iosc, about the middle of the 
last century, iutr> a high dome of more than double the 
height of Arthur 8 Seat.* In the formation of our Scottish 
mountain tlic gneiss and miearslatc of the district^ seem to 
have been u])h wived, during the first period of Plutonic ac- 
tion in the locality, into a rounded hill of moderate altitude, 
but of liiige base. The upheaving f>ower continued to ope- 
rate ; the gneiss and niiwi-slate gave yriiy a-top ; and cut of 
this lower dome there arose a higher dome of granite, which, 
in an after and terminating period of tlie internal activity, 
gave way, in turn, to yet a third and Ijist dome of jjorjjhyiy. 
Now, had tlic olevating forccs ccaecd to operate just ei*e "the 
gneiss and mica-slate had given way, we would Lave known 

• It is rnrcly that tlio geologist catches a hill in the act of forming, and 
hcnco the iiitorost of this woH*atte>tcd instance. From the period of the 
discovery of America to the middle of the last centary the plains of 
Jorullo h:ul UDdergoiie no change of surface, and the scat of the present 
hill was covered by plantations of indigo and sugar cane, when, in June 
1759, hollow sounds were hoard, and a succession of earthquakes continued 
for sixty days, to the great cniisicrnaiioo of the inliabitabis. After the 
cessation <»f thoao, aud in a period of tranquillity, on the 28 tb and 29 th 
September, a horrildo subterranean noise was again heard, and a tract four 
square miles in extent rose up, in the shape of a dome or bladder, to the 
height of sixteen liiindre^l and seventy feet oboro the original level of ilie 
plain. The aflrigltied Indians fled to the iuout»tains ; and fiv>m thenee, 
looking down on the phevomcnon, saw flames issuing from the earth tat 
miles around the uowlr-elcvaicd hill, and the softened surface rising iM 
falling like that of an agitated sea, and opening into nymerous rents and 
fissures. Two brooks which bad water^ the plantations precipitated 
themselves i«.to the burning chasms. The scene of this singular event wie 
visited by Ilumlnildt about the begiuning of the pivseiit century. At that 
periotl tlio volcanic agencies had become couiparati%*ely quiceoent; the 
bill, however, retained its original altitude ; a number of smaller hlUi had 
sprung up around it ; and the travollcr found Che waters of the engulphed 
rwulcts escaping at a high temperature from caverns cbaiged with sul- 
phureous vapours and carbonic acid gas. There were inhabitants of the 
country living at the time who were more than twenty years older Ihmi 
the hill of Jorullo, and who had witnessed its rim. 
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agthing cdT ihe interior nucleus cf granite; had thej ceased 
pfik ere the granite had given vray, we would have known 
eotbing of the yet deeper nucleus of porphyry ; and yet the 
granite and the porphyry would assuredly have been there. 
Nor could any application of Uie measuriiig rule to tlie side 
of the hill have ascertainc<l the thickness of its outer cover- 
ing, — ^the gneiss and the mica schist The geologists of the 
school of Werner uscii to illustrate what we may term the 
anatomy of the earth, as seen through the s})ectAuit^ of their 
system, by an onion and its coats : they n‘preseiitod the 
globe as a central nucleus, cnciivlcd by iv>nc»‘ntric coveringjs 
each covering constituting a goolotjical forniatif)n. 3'ho 
onion, tJjroiigh the introduction t»l* a iKttcr scJnnd, lias lk‘- 
cotne c»**soi« ic as an inu*»tr:ition ; hut to xv. toiv it again, 
though f<*r another i>ur{M*>c, we have lacrcly f(» cut it thrcaigli 
the muldlo, and turn dowiiwanls the planes fornicd hy (1 h 3 
knife. It then re]»rosi'nts with its coats, liills such as we 
describe, — hills such as lien Nevis ere the granite liad per- 
forated the gnicbS, or the jMU’phyiy hi\>kcu through the 
granite. 

If it be thus unsafe, however, to calculate on tlie dc'iitli of 
deposits by llie altitude of hills, it is quitis as unsafe for the 
geologist w’ho luis studie«l a forumtion in oih‘ district, to set 
hinLself to criticise tlui calculations of a brother gcjologist by 
whom it has been studhid in a diiTerent and widely -se[uu*atcd 
district A deposit in one locality may he found possasa 
many times the thickness of tlie siime deiiosit in another. 
There are exposed beside the Norilicm and Soutlieru Su- 
tors of Cromarty, two nearly vertical sections of the coarse 
conglomerate bed, which forms, as I have said, in the north 
of Scotland, the base of the Old Red System, and which 
iTses to so great an elevation in the mountain of Morvheim. 
The sections are little more than a mile apart; and yet, 
while the thickness of this bed in the one does not exceed 
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one hundred feet, that of the Bamo bed in the other Bome- 
what exceeds two hundred feet More striking stSl, — under 
the Northern Suior, the entiira geology of Caithness^ with all 
its vast beds, and all its numerous fosBito, from the granite 
rock of the Ord hill, the southem boundary of the county, 
to the uppermost ^sandstones of Dunnet Head, its extreme 
northern comer, is exhibited in a vertical section not more 
than three hiindrc<l yards in extent. Aii<l yet so enormous 
is the depth of the deposit in Caithness, that it has been 
decerned hy a voiy superior ^eolo^st to represent three entire 
forniiition.s, — the Old Il<‘d Rysteni, by its unfossil iferous, are- 
naceous, and oongloraorate beds ; tbe f^lrboniferous Sy.stcm, 
ly its dark-ooloured middle schist'^, abounding in bitumen and 
ichthyolites ; and the New Ite^l Siindstone, by tlie mottled 
marls an<l iiKiuidLnng sand.dones that overlie* the whoJe^* 
A slight sk<‘t<;h of tbe geology' of C.iitlniess may not be deem- 
ed uninteresting, Tliis county includes, in the state of grt^at* 
cst dc'velopiucnt anywhere yet known, that fos*.iliferous por- 
tion of the Old Red Sandstone winch I puqx).se first to de- 
scribe, and winch will yet come to be generally regarded as 
ail independent formation, as unec|uivocally characterized by 
its organic remains as the formations either above or below it 

The county of Hiitherlaml stretches across the i^land frem 
the Gorman to the Atlantic Oee'ati, and presents, throughout 
its entire extent, — exci‘pt where a narrow strip of the Oolitic 
fonuation nins along its eastern coast, and a brokm bolt of 

* Dr Ilibbort, whoso rcsearcbcs among the limestones of Burdicbonao 
have boon of such importauco to geology, was of this opinion. I find it 
also expressed in the adinirablo geological appendix affixed by the Messrs 
AudorstJii U» their “ Guide to tho H iglilnnds and Islands of Scotland.’* “ No 
beds of real coal,’* say those gentlemen, “ have been discovered in Caitli- 
ness ; and it would thus appear that the middle schibtoso sj'stcm of tho 
county, containing the fossil fish, is in geological character and pt>sition in- 
toruicdiaio bctw'ccu the Old and Now Itcd Sau(Lstonu formations, but not 
identical with Ibo Carboniferous Limestouo or tho ti*uc Coal Measures, al- 
though pi’obably occupying tho place of one or other of them.”- P. 198. 
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Old Bed Sandstone its capes and promontories on the 
west^ — a broken and tumaUuous sea of primary hills. Sciirco 
any of our other Scottish couiitics are so exclusively High* 
)and» nor are there any of them in which the precipices are 
more abrupt^ the vall^ more deep» the rivers more aapid, 
or the mountains piled into more fantastic groupea and masaea 
The traveller possess into Caitlmess, and finds himself sur- 
rounded by scenery of an asf>ect so entirely dissimilar, that 
no examination of the rocks is necessary to convince him of 
a geological cUiference of stmeture. An elevated and uneven 
plain spi*emls aiouiid and before him, league l>eyond knigue, 
in tame and un\-uried unifornnty, — its many hollows darken- 
ed by moHissos, over which the inU'rvcning eminences rise 
in the form rather of low moory swellings than of hills, — its 
coasts walloil rouml by ciills of gigjiutie altitude, that elevak» 
the district at one huge striih* from tln^ h'vcl of the sea, ami 
skirted by vast .stacks ami columns of rock, that stiml out, 
like tlio adv}UiC(*«l pitpu^ts of the hind, amid the <vast‘le-ss tur« 
jnoil of tho The district^ as shown on the map, 

presents lu-arly a trianirular form, — tlie Pentland Frith ami 
tlic Gt-rmau Ocean dcs< ribing two of its sides, while the base 
is formed by the line of lioumlary which Bej>arate.s it from 
the county of Sutherland. 

Now, in a geological point of view, this angle may be ny 
garded as a vast pyramid, rising jicrpendicularly from the 
basis fumi.shcd by the primary rocks of the latter county, and 
presenting newer beds and strata as vre ascend, until w’o reach 
the apex. The line from south to north in the angle, — from 
Morvheim toDiinnetllcad, — coiTcsponds to the line of ascent 
from the top to the bottom of the pyramid. The first bed, 
reckoning from Uic base upwards, — ^the gifftmd tier of the 
masonry, if I may so sjicak, — is the groat conglomerate. It 
runs along- the line of boundary from sea to sea, — from the 
Ord of Caithness on the east to Portskeny on the north ; 
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AU(i rise.-)) as it approaches tlio primary hills of Sutherland, 
into a lolty mountain-chain of bold and serrated outline^ which 
attains its greatest elevation m the hill of Morvheixm This 
great oonglomerate bed, the base of the system, is re|Mreaent- 
ed m* the Cromarty section, under the Northern Sutor, by a 
bed two hundred and fifteen feet in thicknesa The second 
tier of masonry in the pyramid, and which also runs in a 
nearly parallel line from sea to sea, is composed mostly of a 
coarse red and yellowish sandstone, with here and there beds 
of pebbles enclosed, and here and there deposits of green 
earth and red marl It luis its representative in the Cro* 
marty section, in a bed of red and yellow arenaceous stone, 
one hundi*ed and fourteen feet six inches in tbieknesa Those 
ivro inferitir be<l3 possess but one character ; — they are comr 
posed of the Fame materials, with merely this dificrcnce, that 
the rocks which have been broken into pebbles for the con- 
stnictiou of the one have been gi'ound into sand for the com- 
position of the otlior. Dii*cctly over them the middle portion 
of the pymmid is occupied Iw an enormous deposit of dark- 
coloured bituminous schist, slightly micaceous^ caJeareou^ or 
semi-ciilcareous, bore and there intorlaceil with veins of car- 
bonate of lime, here and there compact and highly siliceous, 
and bearing in many places a mincralogical cliaractor difii- 
cult to Iks distingiiishcfl from that at one time deemed pecu- 
liar to the harder grauwacke schists. The Caithness flag- 
stones, so extensively employed in paving the footways of 
our larger t«)wns, arc furnished by this immense middle tier 
or belt, and represent its general appcanincc. From its low- 
est to its highest beds it is chai’geJ with fossil fisli and oh* 
scuro vegetable impressions ; and wo find it represented in 
the Cromarty section by alternating bands of sandstones, strar 
tified cla 3 rs, and bituminous and nodular limestones, w’hich 
form altogether a bed three hundred and fifty-five feet in 
tliickness ; nor does this bed lack its oi ga ni snu^ anim al and 
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g^erioally id^tical with tlioso of OAithDesa The 
apes of the pyinimd is formed of red mouldering sandstones 
and mottled marls, which exhiliit their uppermost strata high 
over the eddies of the Pentland Frith, in the hifgo precipices 
of Dunnet Head, and which are jwirtially represented in the 
Cromarty section by an unft^silifei'ous sandstone bed of un- 
ascertained thickness, but which can Iks tmeed for al)Out 
eighty feet from the iipjX'r limestt>ru‘s and stratified clays of 
the middle moiul)er, until lust in overlying Inds of sand and 
shingle. 

I am particular, at the ri>k, T am afriiid, of being tedious, 
in thus dr^erihing tlie genl(!»/y (*t* iliis northern county, and 
of the Cromarty section whioli represents and eliieidafes it 
They illuslrato nior.' lluin i!ie formations of two insnlattHj 
districts: — tliey repnxnt al.M* a vast j)eiiofl »»f time in th<‘ 
liLitory <'i' till* tr/‘>hv‘. The pyinmid, with its fhret* liuge 
bars, it-^ t’»undati«»ti*i oft^ntiitie ro<*k» its l»ai*e of red *‘onglu- 
inerato, <‘onlvul be.nd of darh-eolounnl sihist, and its 
lightt‘r-tihted apex <d' s.‘ind.>l(‘Tti‘, is iieeriluMl from bottom to 
top, like an K^yptim ob< Hd<, with a he tori<’al record. The 
up\K.T and l‘e,\er i-eelions treat of tempests ami enrrents; 
the iiikldle is ‘‘wrilien, within and vcilhoiit,'’ with womh*rful 
narratives of animal life ; and yet the wlioh' taktm togetluT 
comprises but an earlier jwirtiou of that chronieh; of exLst- 
euces and events furni:di<’d by the Old Reil Sandstone. It 
is, however, with this earlier portion that iny ac^piaintance 
is most miuiite. 

My first statement rcganling it nutst be much the reverse 
of the borrowed one with which tliis cha[>tcr begins. 2'/te 
fossils are remarkahly numerovjt, aad in a state of high pre- 
servation, I have a hundred solid proofs by%hicli to estab- 
lish the tmth of the assertion within less than a yard of ma 
Half my closet walls arc covered with the peculiar fos.sils of 
the Lower Old Bed Sandstone ; and ccitainly a stranger as- 
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iemblagc of fonns have nurelj been grouped together, -~crea> 
tures whose very type is losti fimtastic and uncouth, and 
which puzzl^the naturalist to assign them even their class ; 
boat-like animals, furnished with oars and a rudder; fish 
plated over, like the tortoise, alxivc and below, with a strong 
armour of bone, and fumlslied with but one solitar}’’ rudder- 
like fin ; other fisli less equivocal in their foim, but with the 
membmnea f)f their fins thickly covered with scales ; crea- 
tures bristling over with tluuns ; otlierj^ glistening in on 
eriamellwl ns if beautifully japainietl ; the tail, in every 
instniu'c among the less eqiuvocnl shapes, foimed not equally, 
as in existing fish, on < af*h side the central vertebi*al column, 
but eliiefiy on tin; lower side, — the column sending out its 
diininislaHl veitebne to the extreme termination of the fin. 
All the forms 'testify of a remote antiquity, — of a pt'riod 
wJjose “ fashions Jmve Jms^ed away.’’ TJie figures on a Chi- 
nese vase or an Eg\q»tiau ohelisk are scarce more unlike 
what now exists iu nature than an^ the fossils of the Lower 
Old lied Sandstone. 

Oeology, of all the sciences, addresses it.-ielf most power- 
fully to the imagination ; and hence one main cause of the 
interest which it excites. Ere setting oni'sclvcs minutely to 
(examine the i)eeuliarities of these creatures, it would be j>er- 
liaps well that the reader should attempt realizing the 
f)f their existence, and ixdatively the time, — not, of course, 
with regsml to dates anvl eras, for the geologist has none to 
reckon by, hut with inspect to fonuatii>ns. They were the 
doniztuis of the siimc portion of the globe which wc ourselves 
inhabit, regaixled, not as a tmet of countiy, but as a piece of 
ocean crossed by the Sitme geograpliical lines of latitude and 
longitude. Their present place of scpultiu'© in some locali- 
ties, had there been no denudation, would have been raised 
high over the tops of our loftiest hills, — at least a hundred 
feet over the conglomemtes which form the summit of Morv* 
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iMim, and more than a thousand foet over the snov-oapped 
BenW^via Geology has still greater wonders. Ihaveseen 
bdenmites of the Oolite^ — comparatively a ngpdem foima- 
tioDy — ^which had been dug out of die of the Hima- 
laya mountains seventeen thousand ftx‘t over the level of the 
sea. But let us strive to cany our minds l>ack, not to the 
place of sepulture of these creatures, lii^jh in the rocks, — 
though that I shall afterwards atU‘iiipt mimit y to describe, 
— ^but to the place in which they livcnl long civ the sauroid 
fishes of Burdieh(ms4^ hail bi-gun to exist, or tlic coraliiies of 
the Mountain Limestone luid spn^ad out their miiltiliulinous 
arms iu a sea gnnlually shallowing, and out uf which the 
land had al iva dy partially cmorgc<l. 

A c<>ntiuuous ocean spivuils ovi-r the space now CK*cupi<-d 
by the British islaiuls : in tlie tract covert-d by the gnvn 
fields and brown inooi^s t>f onr <iwn country, tin* K>ttoTii, for 
a hundrctl yards d<i wriwanls, i.n coniposi d f»f the debris of 
rolU?d pebbles and ioai-st* siiud iutcniungb'd, b»ng mwv, cou- 
soluiatod into the b»wcr member i»f ilic Old Bed iSundsUmc ; 
the upper surbn e is coin]>osed *)f banks of .sind, mud, and 
clay ; and the sea, swariiiing with animal lift*, flows over all. 
My present object is to describe the inhabitants of that swi. 

Of thc*3e, the gi’t^ater j)art yet tliscovcrcd have Ihhjii named 
by Agassiz, the higliest authority as an ichthyologist in Kuropt^ 
or the world, and iu whom the scarcely more celebrated 
Cuvier recognised a naturalist in every respect worthy to 
succeed him. The coiupiimtive amount of the labours of 
these two great men in fossil icliihytdr )gy, and the amazing 
acceleration which has taken place within the last few years 
in the progress of geological science, aro illustrated together, 
and that very strikingly, by the following inteiSfeting fact^ — 
a fiEict derived directly from Agassiz himself, and which 
must be new to the great bulk of my readers. When Cuvier 
closed his researches in this department^ he had named and 
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described, for the guidance of the geologist, ninety-two die' 
tinct species of fossil fish ; nqr was it then known that the 
entire geolog^ scale, from the Upper Tertiary to the Gran* 
wacko inclusive, contained more. Agassiz commenced his 
labours ; and in a period of time little exceeding fourteen 
years ho has raised the number of species from ninety-two to 
sixteen hundred ; and this number, great as it w, is receiv- 
ing accessions almost every day. In his late visit to Scot- 
land he found eleven new K[)ecie3 and one new gcniis in the 
collection of Ijady Ciiiuming of Altyi’e, all from the upper 
beds of tliat lower member of the Old Red Sandstone repre- 
Bentc'd by the durk-<.‘oloui*cd schists and inferior sandstones 
of Caithness, lie found forty-two new species more in a 
single collection in Ireland, furnished by the Mountain Limo- 
stone of Armagh. 

Some of my humbler readers may possibly be repelled by 
his names : tluy are, like all names in science, unfamiliar in 
their asf)cct to inei'e English reiulers, just Ijocausc they are 
Danie.s, not for England alone, but for England and the 
world. I am as.sured, however, that they are all composed 
of very good Greek, and picturesquely diacriptive of some 
peculiarity in the fossils they designate. One of his ichthyo- 
litos, witli a thorn or spine in ejurh fin, bears the name of 
Acaaihinle^^ or thorn-like ; anot!n*r, with a simika* meclnuiism 
of spines attached to the upper jiart of tlic Ix^dy, and in 
which the pectoral or hand-fins arc involvetl, has been desig- 
nated the C/ieiracani/nts, or thoni-hami ; a third, covered 
with curiously-fretted scales, lias been named the Gli/p(olepis^ 
or carved scale ; and a fourth, itmghcned over with berry- 
like tubercles, that rise from strong osseous plates, is known 
as the Coccosteus^ or beiiy-on-bone. And such has been his 
principle of nomonclatura The name is a condensed desen'p- 
tion. But though all his names mean something, they can- 
not mean a great deal ; and as learned w'ords repel unlearned 
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readers^ I shall just take the lihoi’ty of roinindiiig miue of 
the humbler class, that there no legitlinatc couuectiou Ihi^ 
tween Geology and the dead languages. Tlie existences of 
the Old Eed Siindstone had lived for ages, and had been di‘ad 
for myriads of ages, ore there \%'a> (ireek i iunigli in the worhl 
to fumisli them with names. There is no working man, if 
he be a person of intelligenet* and information, however un- 
learned in the ^mlgar acceptation of the phiuse, w*ho may not 
derive iis much pleasure and enlargement i>f id«‘a from the 
study of Geolog}-, and acquaint liiiiiself as minutely with its 
truths, as if possessed of all the learning of Bentley. 
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CHAPTER III. 


L:iuiai*ck*H Theory of Progresbion illuBtratcfl— Clawi of Facts vrhicb give 
Colour to it— The (’rcdulity of l/wtc/w/— M. Maillot and kis Fish-birds 
— Ci'udation not Progress— Zoological Argument — lljc Present iucom- 
ploto without tlio Past — lutcnncdiato l^nka of Creation— Oi^ganisms of 
tlio L<*wai‘ Old lied Sandstone - The IHericfdhy»—li^ Firat Discovery— 
MrMurchiso;i*s Decision regarding it— Confirmed by thatof Agassiz — Do- 
Hcriptioij — The several 'N'arietie.s of the Fossil yet <liscovcrcd— Evidence 
of Violent Death, in the Attitudes in w'hich they arc found— The Coc- 
cuittcua iii the DiwonUld lied— Dcscri|ition— Gradations from Crusta- 
ooie to Fibhes- Habits of the Coccos/cus— Scarcely any Concc2>tiou too 
Extinivugunt for Nuturo to realize. 


Mu Lvell s brilliant and ])opular work, “ The Pi’inciples of 
must have inti-qnliiced to the knowledge of most of 
iiiy midere the stmnge theories of Lamarck. The ingenious 
foreigner, on the strength of a few striking facts, which prove 
that to a certain extent the instincts of species may he im- 
l»roved and heightened, and their forms changed from a lower 
to a liigher degree of adaptation ato their circumstances, Iiaus 
concluded that there is a natui*al progi’css from the inferior 
ordeis of being towards the superior, and that the olfspring 
of creatures low in the scale in the present time may hold a 
much higher place in it, and belong to different and nobler 
species, a few thousand yeara hence. The descendants of 
tlie ouraiig-inUang^ for instance, may be employed in some 
futuix) age in writing ti'catiscs on Geology, in which they 
shall have to describe the remains of the qaadrunuma as be- 
longing to on extinct order. Lamarck himself, w’hcn beaiing 
home in triumph 'with him the skeleton of some huge eala- 

E 
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mander or crocodile of the Liaa, might indulge, conHisiontly 
with hie theoiy, in the pleusiii^ lielief that he had |Kmscs8ed 
himself of the bones of his gmndfalher, — a gnnulfather itj- 
moved, of coui'se, to a mnot^' degree of consanguinity by the 
intervention of a few huiulroil thonsanil tjreat^reaU, Never 
yet was tlu^re n fancy so wild aiwK'xtinvagant but there have 
l»€en men lH>ld enough to dignity it with the name of jdiilo- 
sophy, and ingenious enough to find iT'osons fo»’ the pn»j>nety 
of the name, 

Tlie settiiig-ilog is Uut^jlU to set ; — he squats down au«l 
points at the game : but the habit is lui ac(|ui!vd oiu», — a 
mere trick of educatioiL What, however, is merely ae- 
quireil habit in the pr'>genitor is found to pa.ss into iu>tuu‘t 
ill the descendant *. the l»up]iy of the setting-<log s^piats <luwu 
and sets nnOiu'jht ; — the edueatimial trick of the juirent i.s 
mystcnoiLsly iransmut<'d into an original j>rincij>le in the 
offspring. The a<laptation which takes jilace in the tonns 
and constitution of plants and animals, when placed in cir> 
cumstiinces different from their xirdinary ones, is equally 
striking. The woody plant of a wanner climate, when 
tmu.splanted into a colder, frequently excliang(‘8 its ligneous 
stem for a herbaceous one, as if in anticipation of tin* killing 
frosts of winter ; and, dring to the gi'ound at tlie «»f 
autumn, shoots up again in spring. The dog transjmrtcMl 
from a temperate into a frigid region exchanges his covering 
of hair for a covering of wool ; ■when brought back again to 
Ills fonner habitat, the w-ool is <lisplaced by the original hair. 
And hence, and from similar instances, tlio derivation of an 
argument, good so far as it goes, for cliangcs in adaptation ti 
altered circumstances of the organization wf plants and fini- 
mals, and for the improvability of instinct But it is easy 
driving a principle too far. The elasticity of a common 
bow, and the strength of an ordinary arm, ore fully adequate 
to the transmission of an arrow from one point of space to 
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another point a hundred yards removed ; but he would be a 
pliOosopher worth looking at who would assert that they 
were equally adequate for the transmission of the same ot' 
i* ** ow from points removed, not by a hundred yards, but by a 
hundi'ed milea And such, but still more glaring, has been 
the error of Lamarck. % has argued on this principle of 
improvement and sulaptation, — ^whicli, carry it as &r as we 
mtionally may, still leaves the vegetiible a vegetable, and the 
dog a <log, — that in the vast course of ages, inferior have 
risen into suj)erior natures, ainl lower into higher races ; tliat 
molluscs and jw)oj)]iyt<»s have passed into fish and reptilc^s, 
and fish and i-cptilcs into liirtls and qtiadnipecls ; tliat un- 
formed gelatindus l>odies, with an orgiinizcition scarcely trace- 
able, have been luctaiuoiqihosed into oaks and cediU's ; and 
that monkeys and apes have been transformed into human 
creatures, capable of understanding and admiring the theories 
of Lamarck. Assuredly there is no lack of faith among in- 
fidels : their “ vaulting’' credulity o'orleaps revelation, and 
“ falls on the other side.” One of the first geological works 
I ever read was a philosophical romance entitled “ Teliamed,” 
hy a Molls. Maillot, an ingenious Frenchman of the days of 
]^)uis XV. Tliis Maillot was hy much too great a pliiloso- 
pher to credit the scriptuml account of Noah's flood ; and 
yet he could believe, like Lamarok, that the whole family of 
birds had existed at one time as fishes, whicli, on being thrown 
aslioro hy the waves, had got feathera by acciilent ; and that 
men themselves are but the descendants of a tribe of sea- 
monsters, who, tiring of their proper element, crawled up the 
beach one sunny morning, and, taking a fancy to the land, 
forgot to rebuviL 

• Few men could doficribe bettor than Maillot. Hie extravagances are 
ns amusiug as those of a fairy tale, and quite as extreme. Take tbo follow- 
ing extract as an instance : — 

** Winged or flying fish, stiinulatsd by the desire of prey, or the fear of 
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“ How eoqr," says tliis fanciful writer, “ is it to concave 
the diange of a winged tish, allying at times through the 
water, at times Um>ugh the air, into a bird dying always 
through the air T' It is a law* of nature, that the chain of 
being, from the lowest to the highest fonn of life, should W, 
in some degree, a continuous clioj^ ; ‘that the various classics 
of exibtence should shade into one anoilter, so that it often 
|»i*oves a mutual' of no little ditKeiilty to |K>int out tlie exact 
line of deimuYation wlieix* one class or family ends and an- 
other class or family begins. The natumlist passes from the 
vegetable to the animal tribes, se4avt‘Iy aware, amid tht‘ per- 
plexing forms of intenuediaU; evisttaiee, at what point he 
units the inxfvincts (d‘ the one, to enter on those of tin* other. 
All live nuiimd families laive, in like manner, their et)nm‘<*t- 


or pushed ucar the Kh.»r hy t!io hino\vi4, have 
hcrh.VgiV, whuiicc it wan not po'^-vitilc for thcui icrtuiitc tlioir U* the 

fioa, by luoiius uf w-Uich thoy h.u\ coNtracUd their iir’-t facility of 
Thun their fins, bciiiii' no r balbcd in thu t^.ewuUr, wore nplit, uiid 
bccauo warped by tlu-ir drjiic.Ht. AVlalo tin y fouufl aiaoii^ tbo icols and 
liorlM^e amoiij; wbich tliey fell any idiinciiia tt) HUj>port them, tliu vo.'»4»cl.s 
of their Brs, being hcparaicfl, wero leugthcncil and clothetl with huav«l», or, 
to Apeak more j«i.**tly, tlso membranes which before kept them .'nlliercnt to 
ei;ch other wore motamorphoMcd. The beard fmmed of ilicAo warped 
meudimsics waa lengthened. The akio of theau aniinalH wraa inso fiibly co- 
vered with H down of the Maine colour with the Hkin, ami this down gradu- 
ally increased. The little wing:; they had under their belly, and which, 
like their wings, helped tlieio to walk in the eua, became feet, and aurved 
them to walk oil laud. There wero also other Miiall elmugcs in their figunt. 
The beak and neck c>f some W’cro Icngtheiiod, and thu.io of otherM ahorten- 
ed. Tlio conformity, however, of the firet figure BubsiMta in the wholo, and 
it will be alw’aye ea^y to know it. Examine all the epecicB of fow’ls, liu'ge 
and snialb even thoee of the Indies, thoeo which are tufted or not, ihoHo 
whose feathers are rovci'scd, such as we soo at Datnietta,~t1iut is to say, 
whoso plumage runs from Uic tail to the hoad,~Aid you will find spocios 
of fish quite similar, scaly or without scales. All species of parrots, whoso 
plumages are so different, the rarest and the mo.Ht siogular-iuarkcd birds, 
are, conformable to fact, painted like them with black, brown, gray, yol- 
l«>w, green, red, violct-oolour, and those of gold and azum ; and all thiH 
precisely in the same parts w'here the ]>luinage8 of those birds arc diver, i- 
lied in so cuiious a manner.”-*** Teliamed,” p. 224, ed. 1750. 
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ing; links ; and it is chiefly out of these that writers such as 
Lamarck and Maillet conatruot their system. They confound 
gradation with progress. Geoffrey Hudson was a very short 
man, and Goliath of Gath a very tall one ; and the gradations 
of the human stature lie between. But gradation is not 
progress ; and though we find full-grown men of five feet, 
five feet six inches, six feet, and six ftiet and a half, the fact 
gives us no earnest wliatevcr that the ince is, rising in sta- 
ture, and that at sonic future period the average height of 
the human family will be somcwdiat between ten and eleven 
f(*et. And 0(iiially unsolid is the argument tliat from a 
principle of gnidation in races would dcnlucc a principle of 
progi'css in races. Tlie tall man of six feet need entertain 
quite as little hope of rising iuto ol(*ven feet as the short 
man of five ; nor has the fish that occasionally flies any 
belter chance of passing into a bird than the fish that only 
swinia 

Geology abounds with creatures of the intermediate cla.s.s : 
there are none of its links more numei-ous than its connect- 
ing links f and hence its intere.st, as a field of speculation, 
to the assci*t^)ra of the transmutath’ui of races. But there is 
a fatal incompleteness in the evidence, that destroys its cha- 
racUu’ as such. It supplies in abundance those links of 
generic connection which, as it were, marry together dissimi- 
lar races ; but it funiishes no genealogical link to show that 
ilie existences of one race derive their lineage from the ex- 
istences of another. The scene shifts as we pass from forma- 
tion to formation ; we are introduced in each to a new dra- 
matls 2>crson(v. ; and there exist no such proofs of their lieiiig 
at once different and yet the same, as those produceii in the 
“Winter s Tale,” toshow that the grown shephenless of the one 
scene is identical with the exposed infant of the scene tliat 
went before. Nay, the reverse is well nigh as strikingh” the 
case as if the grown shepherdess had been introiluced into 



70 


THE OhD BED SAND8TOXE 


the earlier scenes of the ix^aaa^ and the child into its con- 
cluding scenes. • 

The argument is a very simple one. Of all the verto- 
brata, fishes rank lowest, and in geological history appear 
firat Wo find their remains in the Upper and l/)wer Si- 
lurians, in the Lower, Middle, and Upper Old Rod Santl- 
stone, in the Mountain Limestone, and in the Coal : 

and in the latter formation the first reptiles appear. (5l«?e 
Note B.) Fishi^s seem to have boon the master exist i‘nec*s of 
two great systems, mavhap of thit'O, ere the age f»f reptilrs 
bogaiL Now, I'shes differ ^veiy much among themselves : 
some rank nerirly ns low as worms, — s<mie neaily as high as 
rej)tiles ; and if fish could have ri«eu into re]>tiles, and n p* 
tiles into mammalia, we would m^et^ssarily ex]>e<‘t to fin«l 
lower ordera of fish passing int* higher, and taking [prece- 
dence of the higher in their appearance in [point of time, 
just a> in the Winters Tale** we si*<» the infant [piveediiig the 
adult If such be nut the casi*, — if fish made their fn*st a[p- 
[>ej\rance, tupt in their least perfect hut in their nupst [perfe< t 
state, — n<^t in their nearest a[)[proximation to tlie worm, hut 
in tlu'ir nearest ap[proxiination to the reptile, — th<‘re is no 
r<x>m for progr<'Ssi<jn, and the argument falls. Now, it is a 
geological fact, tliat it is fi.sh of the higher onlei’s that appear 
on the stage, and tliat they are found to occu[py exactly 
the same level during the vast [period represented by five 
succeeding formations. There is no prfpgrcssion. If fish 
rose into reptiles, it must have been by sudden transforma- 
tion, — it must have been as if a man who had stood still 
for half a lifetime should bestir himself all at once, and take 
seven leagues at a stride. There is no getfhig ri<l of miracle 
in the case, — there is no alternative between creation and 
metamorphosis. The infidel substitutes progression for Deity ; 
— Oology robs him of his God. 

But no man who enters the geological field in quest of 
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the wonderAd need pass^ in pursuit of his object^ from the 
true to the fictitious. Does* the reader remember how, in 
Milton’s sublime figure^ the body of Truth is represented as 
hewn in pieces, and her limbs scattered over distant regions, 
and how her fnends and disciples have to go wandering all 
over the world in quest of them ? There is surely something 
very wonderful in the fact, that in uniting the links of the 
chain of creation into an unbroken wliole, we have in like 
inanncT to seek for them all along the scale of the geologist 
Some wo discover among the tribes first annihilated, — some 
among the tribes that j;>erished at a later period, — some 
among the existences of the passing time. We find the pre- 
sent inctjmplete without the pa^st, — the recent without the 
extinct. There are marvellou.s analogies which pervade the 
scheme of Providence, and unite, as it were, its lower with 
its higlicr paits, Tlie perfection of the works of Deity is a 
perfection entire in its components, and yet these are not con- 
temponuieous, but siicce.s.sive : it is a jjcrfoction 'which includes 
the dead as well as the living, and bears relation, in its com- 
pleteness, not to time, but to eternity. 

We find the organisms of the Old Bed Sandstone supply- 
ing an impoiiant link, or rather series of links, in the ich- 
thyological scale, which are wanting in the present creation, 
and the absence of which evidently occasions a wide gap be- 
tween the two giiiiul divisions or series of fishes, — the bony 
ami the cartilagimuis. Of this, however, more anon. Of 
all the org3\uisms of the system, one of the most cxtraoixli- 
nary, and the one in which Lamaivk would have most de- 
lighted, is the rtcrichthifSy or winged fish, an ichthyolite 
which the writer had the pleasuro of inti'oducing to the ac- 
quaintance of geologists nearly tlu'ec years ago, but which he 
firat laid open to the light about seven years earlier. Had 
Lamarck been the discoverer, he would unquestionably have 
held that he had caught a fish almost in tlie act of wishing 
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itself into a binl. There are wings which want only fcnthors, 
a body which seems to have been as well adapted for passing 
'through the air as tiie water, and a tail by which to steer. 
And yet there are none of the fossilii of the Old Bed Sand* 
stone which less resemble anything that now exists than its 
Fteriehihya. I fain wish I could communiinte to tlie rt'ador 
the feeling 'a'ith which I contimiplated iny th’st found speci- 
men. It opened with a single blow of the iiamnn^r ; and 
there, on a ground of lightrColoiire<l limestone, lay the elligy 
a creatux'e fashicnied apparently out of jot, with a body 
covei*ed wdth plaU^s, two poworful-lonkiiig arms artiiMilated at 
the shouldoiN, a head as entirely lost in the trunk as that of 
the my or thesun-tislLaml a long angular tail. My lii^t-f«»nm‘«l 
idea regarding it wa.s, that I ha<l tliscovered a enmuH tiiig link 
between tlie toitoist' and the lish : tin* hotly mm h resi inbles 
that of a small tiirth* : ainl why. 1 a‘-k<‘<l, if one forinatinu 
gives us saurtdd ti.dn's, may not ain^tlit r give \is elifltmian 
ones I or if in the laas we t‘m«l the bntly of ihi* lizjird mount- 
ed on the paddles f>f the w hale, why not find in the t )ld Jted 
Handstone the Ivxly c»f the tortoise nn>untt‘d in a somewhat 
similar manner ? The idea originatetl in error ; but as it 
was an eiTor which not many natural i.-ts eouM liave coiTeet- 
ed at the time, it maybe deeiiiiMl an exciisahle oiii*, mon* i*s- 
pecially by such of my naiders aa may have seini well-px*e- 
served specimens of the creature, or wdio t'xainine the sub- 
joined prints, Nos. I. and H. I submitted some of niy 
specimens to Mr Murchison, at a time when that gmitlenian 
wjut engaged among the fos.sil.s of the Silurian System, and 
employed on his great w'ork, which has so largely served to 
extend geological knowrlodgo rcganling thos^Ciirlier penods 
in which animal life first Ijcgan. JTo was much inb’rested 
in the discovery : it furnished the geologist with additional 
data by which to regulate and constnict his calculations, and 
added a new and very singular link to the chain of existence 
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in its relation to liumaii knowledge. Deferring to Agas»iz 
a-s the lii;.'Iie.st autliorily, he •yet aiiticipaterl tiie deci^^iou of 
that iiatiiJiilist regarding it in almost evoiy pailicular. I 
liad iiKinireil, under the iiillueiice of iiiy lii*st impresnioii, 
whetluT it iniglit not be considered as a sort of interniediute 
existence belween the fish and the cheloniau. He slated, in 
rej)ly, that he ctnild not deem it r^fcrrible to any family of 
reptiles ; that^ if not a fish, it approached more closely to the 
Crustacea tlian to any other class; and that he had little 
doubt Agassiz wouhl pronounce it to be an ichthyolite of that 
ancient older to which the CepJtala^ts belongs, and which 
seems to have formed a connecting link between Crustacea 
and fishes.* The specimens submitted Jo hir Murchison 
v/ei*ci foi*v'aided in Agjissiz. They were much moi*e imper- 
fect than some which I have since disinterred ; and to restoi*e 
the eiitii'e animal from them would requii'e i>owers such as 
those possessed by Cuvier in the past age, and by the natu- 
nilist of Neufchatel in the present Broken as they were, 
however, Agassiz at once decided from them that the crea- 
ture must have been a fish. 

* The aborigines of Stmth America deemed it wonderful that tho Euro- 
poaris who first visited them should, without previous ctmeert, agree iu 
reading after tho same manoor the same scrap of mamiscript, and iu deriv- 
ing tlio same piece of infonnation fix>m it. The writer e\i>erieiiccd on this 
<ieeaNioii a Komewhat siinilar feeling. His specimens sctiueil wnttcJi iu a 
chaiacter cramp enough to suggest tliosc doubts regarding urigiuul mean- 
ing which lea^l to vari«ms reiuiiugs; but tlio gcoK»gist and the llaturali^l 
agreed iu perusing them after exactly tho same fashion,— the one iu Lon- 
d»)n, tho other iu Noufehalol. Such instances give confidence iu lUc find- 
ings of Bciouco. The decision of MrMurchisim I subjoin iu his own woids ; 
his numbers refer to various sjiccimons of Pteiuchilttfs : — “ As to your fos- 
sils 1, 2, Jl, wo know nothing of them hero [I»ndou], except that they ixj- 
niiiul mo of tho occipital fragments of some of tho Caithness fishes. I do 
not conceive they can bo rofcrriblo to any roptiio ; for, if not fishes, tl»cy 
inovo closely np]>roach to crustaceans than U> any other class. I conceit o, 
however, that Agassiz will prououuco them to bo fishes, which, together 
with tho curious genus Cephafaapis of tho Old Hod Sanilstonc, form tho 
connecting links between crustaceans and fishes. Your specimens remind 
ono in sovond i-cspccts of tho CfpAa'cwpiV* 
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I have one of the s|uviinens Ix^Jore inc\ lina^^ine 

the ti*^iiiv of a man nuloly ilniwn in hlaek on a pny ^'ronnd ; 
the head cut off by tlie shoiihlei*s ; the arms spread at full, as 
in the attitude of swimming ; the lK)dy rather long than other- 
wise^ and naiTowing from the chest dowuwai’ds ; one of the 
legs cut away at the hi[vjoin^ and the other» aa if to pxt»erve 
the balance, placed direetly under the centre of tlie figure, 
which it seems to support Such, at a first glance, is the ap- 
{learance of the fossil. The l»ody was of veiy considemble 
depth, — perhaps little less dt'op proportionally from Iwick t<» 
bi-oast than the lH)dy of the tortoise ; the under part was 
flat ; the upper mse towards the centre into a rfK)f*liko ridge ; 
and both under and upper weiv covered with a strong armour 
of bony plates, whicli, resembling more the plates of the t«»r- 
tt»ise than those of the enistaocan, received their accessions of 
grt'jwth at the edges or sutures. The plates on tJie under 
sMe aiv divided by two lines f»f suture, wliirh run, the one 
longitudinally through the centre <»f the body, the other tniiis- 
versely, also" through the ceiitn* ; and they Wfuild cut om.‘ 
aiK>th*'r at right anghv^ wm* then* not a lozenge shaped jilate 
insei*t»'<l at the |>oint when* they would otherwise meet. 
There are thus five plates on th<! lower or belly pai-t of the 
animal. They are all thickly tulH'Veled oiitshU* with wart- 
like prominences (se<‘ Plate T., fig. 4) : the inner firesent ujv 
pearanccs indicaiivo of a Ikuiv structure. The plates on the 
up[>er side arc more inimi*rous and more difficult to describe, 
just as it would be diilicult to describe the fonns of the va- 
riou.s stones whicli compose the ribbed and pointed roof of a 
Gothic cathednil, the arched ridge or liump of the back re- 
quiring, in a somewhat similar w'ay, a peculiar*form and ar- 
rangement of plates. The apex of the ridge is covered by a 
strong hexagonal plate, fitted upon it like a cap or helmet, 
and which nearly corresponds in place to the fiat ceiitml plate 
of the under side. There runs around it a border of various- 
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ly-formod phitos, that diniini.sh in size and increase in number 
towanls the head, and wluch^are separated, like the pieces of 
a dissected map, by deep sutures. They all present the tu- 
borcled surface. The eyes are placed in fro 4 t, on a promi- 
iiouco considerably lower than the roofdike ridge of the back ; 
the mouth seems to have opened, as in many fishes, in the 
edge of the creature’s snout, where a line running along the 
back would bisect a line running along the belly ; but this 
part is less perfectly shown by my specimens than any other. 
The two arms or paddles are placed so far forward as to 
give the body a disproportionate and decapitated appearance 
From the shoulder to the elbow, if I may employ the terms, 
there is a swelling muscular appeai’anoc, as in the human 
arm ; the part below is flattened so as to resemble the blade 
of an oar, and tonninates in a strong shar|i point The tail, 
— the one leg on which, as exhibited in one of my specimens, 
the creature seomH to stand, — is of considerable length, more 
than cfpial to a third of the entire figure, and of an angular 
form, the base representing the part attaclied^to the body, 
and tlie apex its termination. It was covered with small 
tubercled rhomboidal plates, like scales (see Plate I., fig. 3) ; 
and where the internal structure is shown there are appear- 
ances of a vertebral column, with rib-like processor shinding 
out at a shari^ angle. The ichthyolite, in my larger speci- 
mens, does not much exceed seven inches in length ; and I 
despatched one to Agassiz rather more than two yoai*a ago, 
wlioso extreme length did not exceed an inch. Such is a 
brief, and, I am afraid, imperfect sketch of a creature whose 
very type seems no longer to exist But for the piu^wses of 
the geologist, Ijie descriptions of the graver far exceed those 
of the pen, and the accompanying prints will serve to supply 
all that may bo found wanting in the text Fig. 1, in Plate 
L, and fig, 2, in Plate II., are both restorations, — the fii’st of 
the upper, and the second of the under part of the creatura 
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I haTo placed one of the gpecimens bqfore ma Imagine 
the figure of a man rudely dra^n in black on a gray ground ; 
the head cut off by the shoulders ; the arms spread at full, as 
in the attitude of $\Wmming ; the body rather long than other- 
wise, and naiTOwing from the chast downwards ; one of the 
legs cut a^\’ay at the hi|v.joint, and the other, as if to prest‘n o 
the balance, placed directly under the eonti*e of the figure, 
which it seems to support Sucli, at a fii*st glance, is the a|»- 
peanince of the fossil. The btsly wjis of v(*it eoiL'<idfnible 
depth, — perhaps little less deep proportionally from Wk to 
bi*east than the In^dy of the tortoise j the iimler part was 
flat : the upper rose towanls the centre into a rooflike ridge ; 
and both umler and upper were covered witli a strong armour 
of bony jdates, whieli, resembling more the plates of tlie tor- 
toise than tliosc of < lie eru.^tacean, iveeiv^'^l thtdr accessions of 
errowth at the edges or sutures. Tlie plates on the under 
shle aiv divided by two lines of suture, wliieh run, the one 
longitudinally through the centre of the body, the other traiis- 
vf•l^ely, also* thnnigh the centre; and they would cut one 
another at right angles, were there not a lo7.(‘nge-shajM*(l plate 
inserted at the point wdiorc they wr)u]d otherwise iii(*et 
Tlicre arc thus five plates on the lower or belly part of the 
animal They are all thickly tulx!i*cle<l outside with wait^ 
like prominences (see Plate I., fig. 4) : the inner pre.sent ap- 
pearances indicative of a iKiny structum Tlie plate's on the 
upper side are more numerous nwl more difficult to (h scrihe, 
just as it w'ould be difficult to describe the fonns of the va- 
rious stones wdiich compose the ribbed and pointed roof of a 
Gothic cathedral, the arched ridge or hump of the back re- 
quiring, in a somewhat similar way, a peculiar form and ar- 
rangement of plates. Tlie apex of the ridge is covered by a 
strong hexagonal plate, fitted upon it like a cap or helmet, 
and which nearly corresponds in place to the flat ccnti-al plate 
of the under side. There runs around it a border of various- 
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1 j'formed plates, t}iat diminish in size and increase in number 
towards the head, and which^are separated, like the pieces of 
a dissected map, by deep sutures. Th^ all present the tu- 
bercled sur&ce. The eyes are placed in froQf^ on a promi- 
nence considerably lower tlian the roof-like ridge of the back ; 
the mouth seems to liave opened, as in many fishes, in the 
edge of the creature’s snout, where a line running along the 
back would bisect a line running along the belly ; but this 
part is hiss [lorfcctly shown by my specimens than any other. 
The two arms or paddh'S are placcjd so far forward as to 
give the body a disproportionate and decapitated appearanca 
From the shoulder to the elbow, if I may employ the terms, 
there is a swelling muscular appearance, as in the human 
arm ; the j)art below is flattened so as to resemble the blade 
of an oar, and terminates in a strong slmip point The tail, 
— the one leg on which, as exhibited in one of my specimens, 
tlie creature seems to stind, — is of considerable length, more 
than Ofjual to a third of the entire figure, and of an angular 
form, the base repro.senting the part attachedHo the body, 
and the apex its termination. It was covered with small 
tuberelcd rhomboidal plates, like scales (see Plate I., fig. 3) ; 
and where the intcnial structure is showni therc are appear- 
ances of a vertei)ral column, with rib-like ijrocesscs standing 
out at a shaq> angle. The ichthyolitc, in my larger speci- 
mens, docs not much exceed seven inches in length ; and I 
despatchwl one to Agassiz rather more than two years ago, 
whoso extreme length did not exceed an inch. Such is a 
brief, and, I am afraid, imperfect sketch of a creature whose 
very type seems no longer to exist. But for the purposes of 
the geologist, tjie descriptions of the graver far excised those 
of the pen, and the accompanying prints will sorv'o to supply 
all that may be found wanting in the texk Fig. 1, in Plate 
I., and tig. 2, in Plate II., are both restorations, — the first of 
the upper, and the second of the under part of the creature. 
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Ifc may, however, encourage the confidence of the naturalist 
who for the lii*st time looks up»Mi fonns so stmngo, to he in- 
formed that Plate I., with its two ligiire.^ was submitted to 
Agassiz during his recent brief stay in Klinburgh, and that 
he as readily recogiih<ed in it the s|»ecies of the two kinds 
which it exliibits, as ho Iiad previously recognised tlie .speeii‘S 
of the oviginaLs in the limestone. 

Agassiz, ill the course of his Lite visit to Scotland, found 
six species of the rtericht/if/if ,* — three of tlie^e, and the wings 
of a foui-tli, in the colhvtion of the writer. The ditferenees 
by which they are dL^tingin.^heil may be marked by even an 
unpi-jiotised ey<\ ospeeially in the form of (he boditsaiid wings. 
8<>nie are of a fuller, some of a more elongated form : in some 
the Iw^dy resembles a hoi'aldie sliii‘Ul, of nearly i\\o «)rdinaiy 
shape and proportions ; in others, tlie shiihl stretehes into a 
form not very unlike that <»f a Norway skiff from the mid- 
ships forward. In some <d‘ the varit'iies too, the wings are 
long and coinparativtOy sl<‘nd<*r ; in otliers, sliorter and of 
gmiter bivaffth : i|i some there is an iidlectiiui r(‘sembling 
the bend of an elljow ; in othei-s tliere is a continuons swelling 
from the termination to the f^lioidder, wIkto a smMeii nar- 
rowing takes place immediately over the articnlatitm. I had 
inferred somewliat too hunaedly, tliough ])erhups naturally 
enough, that the.se wings or anus, witli their strong sliarji 
points and oar-liko blades, had been at once paddles and 
spcai's, — instruments of motion and u^eapons of defence ; and 
hence the mi.stikc of connecting the creature with the Clic- 
lonia. I am informed by Agassiz, liowcver, that they were 
weapons of defence only, wliicli, like the occ^utal spines of 

♦ 

* Agassiz now'reckoas ten distinct species of Ptcrichthys,—’ P, arenahis, 
P. cancrifwmUt P, comuhia, P, major ^ P. M Uteri, P. tatM, P, otflonyus, 
P, productiu, P, teHudinarius, and P. fipdropkitus. Of tUcMc, nino{>))ucios 
belong to the Lower, and one— the Pterichthps hpdrophUus - tu the U]»i>fr 
Old Bed Sandstone. 
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the river bull-licad, were ci’ectcd in momcntii of danger or 
alarm, and at other times Hf close hy the creature’s side ; 
and that the sole instrument of motion was the tail, which, 
when covered by its coat of scales, was proi^oiiioiially of a 
somewhat larger size than the tail shown in the print, which, 
as in the specimens from which it was taken, exhibits but 
th# obscure and unccilain iineaments of the skeleton. The 
river bull-head, when attacked by an enemy, or immediately 
lus it feels the hook in its j:iws, eivcts its two spines at nearly 
right angles with tlie jilates of the head, as if to render itself 
as (l)Hieiilt of being sWiillowed as pos.sible. The attitude is 
one of <langer and alarm ; and it is a curious fact, to w'hich 
I shall aftelwards have occiision to advert, that in this atti- 
tude iiiue-ti'iiths of the Vicrlehthycs of the Lower Old Retl 
Sandstone are to be found. We read in the stone a singii- 
larly-preseiTcd story of tlie strojig instinctive love of life, and 
of the mingled fear and anger implanted for its presciwation, 
— “The champions in distoiicd postures threat” It pre- 
sents ns, too, 'with a 'wonderful record of violent death falling 
at once, not on a few’ individuals, but on whole tribes, 

Next to the rterkhthys of the Lower Old Red I shall 
place its contempomry fheCoccosteus of Agassiz, — a fish which 
in some respects must have somewhat resembled it Both 
were covered with an armour of thickly tuhcrcled bony plates, 
and both funiishod with a vertebintcd tail. The j)lates of 
the one, when found lying detached in the I'ock, can scarcely 
be distinguished fiom those of the other : there are the same 
marks as in the plates of the tortoise of accessions of gi'owtli 
at the edges, the same cancellated bony structure withinj the 
same kind of tubercles without. ThC' forms of the creatures 
themselves, liow’cvei*, were essentially different. I liave com- 
pared the figure of the Pterichthys, as shown in some of my 
better specimens, to that of a man "with the head cut off by 
tlie shoulders, one of the legs also wanting^ and the aims 
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spmd to the foil* The figure of tite Coccostetis I would com- 
pare to a boy’s kite. (See Plate III, fig. 1.) There is a 
rounded head, a triangular body, a long tail attached to the 
apex of the tnangle, ai\(l arms thin and roundeil wIicih; tliey 
attach to the body, and spreading out towards their teniiina- 
tioii, like the ancient one-sided sliovel which we see sculptiuod 
on old tombstones, or the mdder of an ancient galhy.* The 
manner in which the plates are anunged on the head is pe- 
culiarly beautiful ; but I am afraid I cannot adequately de- 
scribe them. A ring of plates, like the ring-stones of an 
iiins nlonc^ wluit may called tJie Ijooj) of tin* kite ; 
the form of th«‘ keystone-plate is j>erfeet ; the shnpos of the 
othci's arc elegantly varictl, as if for ornament'; and what 
would be otherwise the opening of the areli is filled up with 
one large plate, of an ontline singularly elegtint. A single 
plate, still larger tlian any of the oth(u*s, covei*s the givater 
part of the creature's triangular body, to the sltape of wliieli 
it nearly conforms. It rises saddle-wise towards the centre : 
on the ridge there is a longitudinal gi'oove ending in a per- 
foration, a little over the apex (Plate III., fig. 2) ; two small 
lateral plates on either side fill up the base' of the angle ; and 
the long tail, with its numerous vertebral joints, terminates 
the figure. 

Docs the reader possess a copy of Lyell’.s lately published 
elementary work, edition 1 838 '? If so, let him fii’st turn 
up the description of the Upper Silurian rocks, from Mur- 
chison, which occurs in page 459, and mark the form of the 
tiilobite Asaplius caudatus^ a fos.sil of the Weulock formation. 
(See “Silurian System,” Plate VII.) The upper paiH;, or head, 
forms a crescent ; the body rises out of the concave with a 
sweep somewhat resembling tliat of a Gothic arch ; the out- 

* 1 have since oscertfined that these seeming arms or paddles v.'cro sim- 
ply plates of a peculiar foiiu. 

[A Bgure of the Coccostcus, engraved from an unfinished restoration 
found in the author’s Museum, is appended.] 
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line of tlie whole approximates to that of an egg, the .‘.mailer 
end terminating in a sliarj) point Let him remark fuitht-r, 
that this creature was a d'ustaceoua animal, of the crab or 
lobster clas.s, and .then turn up the brief description of the 
Old Red Sandstone in the same volume, p. 454, and mark 
tlie form of the Cephalaapia or buckler-head, — a fsh of a 
formation immediately over that in which the remains of the 
trilobite most abound. He will find that tlie fish and the 
crustacean arc wonderfully alike. The fish is more elon- 
girted, but both possess the crescent-shaped head, and both 
the angular and apparently jointed Vjody.* They illustmte 
admirably how two distinct orders may meet They exhibit 
the points, if I may so speak, at which the plated fish is link- 
ed to the shelled crustacean. Now, the Cuccosteus is a stage 
further on : it is more unequivocally a fish. It is a Cephalas- 
pis with an articulated tiil attached to the angular body, and 
the horns of the crescent-shaped hetid cut off. (See Note F.) 

Some of the specimens which exhibit this creature are 
exceedingly curious. In one a coprolite still rests in the 
abdomen ; and a common botanist’s microscope shows it 
thickly speckled over w'ith minute scales, the indigestible 
exuvia} of fish on which the animal had preyetL In the ab- 
domen of another we find a few minute pebbles, — just as 
pebbles are occjisionally found in the stomach of the cod, — 
which had been swallow’cd by the creature, attiichod to its 
food. Is there nothing wonderful in the fact that men 

* Really jointed in tlio case of the trilobite ; onlj' api^i-ently so in that 
of the Cephafa^pis. Tlio liody of the trilobite, like that of the lobster, 
was barred by transverse oblong overlapping plates, and between every 
two plates there was a joint. The body of the Cepftahutpit, in like manner, 
was barred by transvei'so oblong overlapping 8calo.s, between which thci'o 
oxisted no such joints. It is interesting to observe how nature, iu thus 
bringing two such dilTorcut classes as fishes aud crustaceii together, gives 
to the higher auiinnl a sort of pictorial rescmbluuco to the lower, iu 2\arU 
whore the construction could not bo idcutie:il without iuterfcriug with the 
grand distinctions of the classes. 



80 


THE OU> RED SANDSTONE. 


should be leaiiiing at this time of day how tlie fishes of tlic 
Old Red Sandstone lived, and that there were some of them 
rapacious eiiotigh not to be over nice in their eating ? 

The under pai-t of the creature is still very imperfectly 
known : it had its central lozenge-shaped plate, like that on 
the iiiitha* side of the but of gi*eatcr elegance (sec 

Plntt^ III., iig. 3), round which the other plates w^ere miiged. 
“What an appi-opriate ornament, if sot in gold!” said Dr 
Buckhmd, on seeing a very beautiful speeimeii of this eeniral 
lozenge in the interesting collection of Professor Traill of 
Eilinburgh ; “ What an appropriate oriiament for a lady geo- 
logist I” There are two marked peculiarities in tlio jaws of 
the Coccosfcvs, as shown in most of the specimens illustrative 
of the lower part of the creature which I have yet s(‘en. 
The teeth, instead of being fixed in sockets, like those of 
(juadvupeds and reptiles, or merely placed on the bone, like 
those of fish of the common varieties, seem to have been (ait 
out of tlie solid, lilce the teeth of a saw, or the teeth in the 
mandibles of the hectic or in the nippci’s of the lobster 
(Plate III., fig. 4) ; and there appeal’s to liaVo been some- 
thing strangely anomalous in the position of the jaw^s, — some- 
thing too anomalous, perhaps, to be regarded as pro\'cn by 
the evidence of the specimens yet found, but wliicli may 
be mentioned wdth the view of directing attention to it. 
“ Do not be deterred,” said Agassiz, in the course of one of 
the interview’s in which he obligingly indulged the writer of 
these chapters, who had mentioned to him that one of his 
opinions, just confirmed by the naturalist, had seemed so ex- 
traordinary that he had been almost afraid to communicate 
it, — “ Do not be deterred, if you have examiiicd.miiiutely, by 
any dread of being deemed extravagant. The possibilities 
of existence mn so deeply into the extravagant, that there is 
scarcely any conception too extraordinary for nature to rea- 
lize.” In all the more complete specimens which I liave yet 
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seen, tl^ position of the jaws is vertical^ not lumzontdl ; and 
yet the creature, as shown by the i^il, belonged unquestion> 
ably to the vertebrata. Now, though tlie mouths of the 
crustocoous animals, such as the crab and lobster, open ver- 
tiddly, and a similar arrangement obtains among the insect 
tribes, it has been remarked by naturalists as an invariable 
condition of that higher order of animals distinguished by ver- 
tebnd columns, tliat their mouths o[)en liorizon tally. What 
I would remark as veiy extraordinary in the Coccostexis , — 
not, however, in the way of directly asserting the fact, but 
merely by way of soliciting inquiiy regarding it, — is, that it 
siHuns to unite to a veiiebra,! column a vertical mouth, thus 
forming a connecting link between two orders of existences, 
by conjoining what is at once their most characteristic and 
most dissimilar tmits.* 

I am ae(|uainted 'w’ith four species of CoccosieuSy — C, th- 
c'qnonSy C, atsjmlatusy C, obloxtffusy and a variety not yet 
nauuid ; and many more species may yet be disco vei’ed.’f* Of 
all the existences of the formation, this curious fish seems to 
have been one of the most abundant In a few square yartls 
of rock I have laid open portions of the remains of a dozen 
didereut individuals belonging to two of the four species, — the 

* ThcHG .siateincnts regarding tbe character of the teeth and the ])osition 
uf the jaws of the Coccoiteius have been challeugod by very liigh authorities. 
1 retain them, liowovcr, in this edition in their original form, as first made 
nearly six yoai*s ago. In at least two of my specimens of Coccu.^tcuSf the 
tooth and jaw fonn unequivocally hut onobone,— a result, it is not impro- 
bable, of some after anchylosiug pix>CGSs, but which still solicits inquiry, as 
not 3'et definitely accounted for. The matter of fact in the case is cci*taiul.v 
one which sliould he determined, not xinalogically, but on its own pro)>cr 
evidence, as furnislied by good spedmous. As for the remark i-egarding 
the pi*obnble position of the creatuiVs jaws, it was ventured on at fii'st, 
the reader may perceive, with much hesitation, and must now bo regarded 
ns more doubtful than over. Its repetition hci'e, however, will, I inist, 
bo regarded os simply indicative of a w’ish on the i>art of the writer that 
the (iiiostion be kept open just a little longer, and that further exnii|i- 
nation be made. Theio is certainly something very peculiar about the 

f A fifth species has been named C. nutximits. 

F 
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C. dedpienaKDA C. cuydd(Uu9i—m the course of a siiigle even* 
ingi None of the other kinds have yet been found at Cro- 
marty. These two differed from each other in the propor- 
tions which their general bulk bore to their length, — slight- 
ly, too, in the arrangement of their occipital plates. The 
Caccosteua latusy as the name implies, must have been by 
much a massier fish than the other ; and we find the arch- 
like form of the plates which covered its head more com- 
plete ; the plate representing the key-stone rests on the sad- 
*dle-shaped plate in the centre, and the plates representing 
the spring-stones of the arch exhibit a broader base. Tlie 
accompanying print (Plate III.) represents the Coccostens 
cn9pideiu8. The average length of the creature, including 
the tailf as shown in most of the Cromarty S 2 )ecimens, some- 
what exceeded a foot. A few detached [>Iates from Orkney, 
in the collection of Dr Traill, must have l>elongcd to an in- 
dividual of fully twice that length. (Sec note C.) 

mouth of tbe Ooeeosleua, not yet under- 
stood, and singularly formed plates 
connected with it which have not been 
introduced into any restoration, and 
the use of which in the economy of 
the animal seems wholly unknown. 
[1850.— I have at length found a very 
perfect specimen of the nether jaw of 
Coccoiteiu, and am prepared to show 
that it was of a character altogothor 
unique. It had its two groupes of 
from six to eight teeth (exactly where, 
in the human subject, the molars are 
planed), that seem to have acted on 
corresponding groupes in the intor- 
maxillaries, and two other groupes of 
from three to five j^th placed at right 
angles with these, direct in the sym- 
physis, and that seem to have acted 
on each other. But though these 
unique teeth of the symphysis formed 
a vortical line of mouth, it joined on at right angles to a transverse line of 
the oxdinary type, as the upright stroke of the letter T joins on to the 
hoxisontal line atop.]— Fourth Edition. 
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CHAPTER IV. 


The Elfin-fish of Gawin Douglas— Tlie Fish of tho Old Bed Sandsione 
scarcely less Corioiu—Placo which they occupied indicated in the pre- 
sent Creation by a mere Gap— Fish divided into Two Great Series, tho 
Osseous and Cartilaginous — Their distinctive Peculiarities— Geological 
Illustration of Dr Jolinaon*s shrewd Objection to the Theory of Soame 
Jenyns— Proofs of the Intermediate Character of the Ichthyolites of 
tho Old Red Sandstone — Appearances which first led the Writer to deem 
it Intermediato — Confirmation by Agassiz — The Order to 

which this Ichthyolito belonged— Description— Dipteras—Zltpfepfenis— 
ChtirolepU— OlyptolepiM. 

Has the reader ever heard of the “ griesly fisch” and the 
“ laithlie flood,” described by that minstrel Bishop of Dim- 
keld “ who gave rude Scotland Virgil’s page ?” Both flsh 
and flood are the extravagances of a i)oet'8 dream. The flood 
came rolling through a wilderness of bogs and qui^xnires, 
under banks *Mark as rocks the whilk the sey upcast;” a 
skeleton forest stretched around, doddered and leafless ; and 
through the “ unblomit” and barrant” trees 
The quhissling wind blew mony bitter blast 
the whitened branches “ clashed and clattered the ** vile 
water rinnand o’erheid,” and “routing as thonder,” made 
“ hideous tnibil and, to augment the uproar, the “ griesly 
fisch,” like the fish of eastern stoiy, raised their heads amid 
the foam, and shrieked and yelled as they passed. “ The 
grim monsters fordeaflt the heiring with their schouts : they 
were both fish and elves, and strangely noisy in the latter 
capacity ; and the longer the poet listened, the more fright- 
ened he became. The description concludes, like a terrific 
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flrcfim, with his wantlorings through tlie lahyiiiiths of iho 
dead forest, wlicre all was dry and sapless above, ami inml 
and mai*sh below, and with his exelamations of ‘rrlef ami 
.terror at finding liiinself hopelessly lost in a scene of ])r('- 
digies and evil s]*irits. And such was one of the wil(h*r 
fitneies in which a youthful Scottish poet of the days of 
Flodden indulged, ere taste had arisen to restrain and regu- 
late invention. 

Shall I venture to say, that the ichthyolites of the Old 
Red Sandstone have sometimes reminded me of the fisch 
of the laithlic flood ?” They wei*e hardly loss curious. We 
find them surrounded, like these, by a ^vilde^le^>s of dead 
vegetation and of rocks upcast from the sea ; and there are 
the footprints of storm and tempest around and under thenL 
True, they must have l>een less noisy. Like the “ griosly 
fisch,” however, they exhibit a strange union of opposite na- 
tures. One of tlieir farailias, — that of tlic Cephalaspis ^ — 
seems almost to coastitute a connecting link, says Agassiz, 
between fishes and ci'ustaceans. They had aKo their families 
of sauroid or reptile fishes, and their still mf>re miincnnis 
families that unite the ciurtilaginous fishes to the osseous. 
And to these last the explorer of the Lower Old Ile<l Sand- 
stone finds himself mainly restneted The links of the sys- 
tem arc all connecting linki*, sepamted by untold ages from 
that which they connect ; so that in searching fur their rcs 
presentatives amid the existenexjs of the present lime we 
find Vjut the gaps which they should have occupied. And it 
is essentially necessary, from this circumstance, in acquaint- 
ing one* s self with their peculiarities, to examine, if 1 may 
so express myself, the sides of these gaps, — the existing 
links at both ends to which the broken links should have 
pieced, — in shoi-t, all those more striking peculiarities of the 
existing disparted families which we find united in the inter- 
mediate fiimilies that no longer exist Without some sucli 
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I'n-cparation the inquirer would inevitahly share the fate of 
tlic poetit-al dreamer of Duiikeld, by losing his way in a 
labyrinth. In passing, therefore, with tliis object fix>m the 
extinct to the recent, I venture to solicit, fur a few para- 
graphs, the attention of the reader. 

Fislas, the foiu-th gi’isat class in point of rank in the ani- 
mal kingdom, and in extent of territory decidedly the first, 
are divided, as they exist in the present creation, into two 
distinct scries, — the osseous and the cartilaginous. The osse- 
ous embraces that vast a^mblage w*hich naturalists describe 
as fishes properly'so called,’* and whose skeletons, like those 
of mammalia,* birds, and reptiles, are composed chiefly of a 
calcareous eai*th pervading an organic base. Hence the dura- 
• bility of their remains. In the cartilaginous series^ on the 
contrary, the skeleton contains scarce any of this earth : it 
is a fiamework of indurated animal matter, elastic, semi- 
transparent, yielding easily to the knife^ and, like all mere 
animal substances, inevitably subject to decay, I have seen 
the huge cartilaginous skeleton of a shark lost in a mass of 
putrefaction in less than a fortnight I have found the' mi- 
nutest bones of the osseous ichthyolites of the lias entire 
after the lapse of unnumbered centuries. 

Tlie two series do not seem to precede or follow one ano- 
ther in any such natund sequence as that in wdiich the great 
classes of the animal kingdom are arranged. The mammifer 
takes \>recedencc of the bird, the bii-d of the i*eptile, the 
reptile of the fish ; there is progi*ession in the scale ; — ^the 
arrangement of the classes is consecutive, not parallel. But 
ill this great division there is no such pi-ogressioii ; the osse- 
ous fish takes no precedence of the cartilaginous fish, nor the 
cartilaginous, os a series, of the osseous. The arrangement 
is parallel, not consecutive ; but the parallelism, if I may so 
express myself, seems to be that of a longer with a shorter 
line ; — the caitilaginous fislie.^ though much less numerous 
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in their orders and finnilies than the other, stretch £irther 
along the scale in oiqposite dixactions^ at once rising higher 
and sinking lower than the osseous fishes. The cartilaginous 
order of the sturgeons, — a roe-depositing tribe^ devoid alike 
of affection for their young, or of those attachments which 
give the wild beasts of the forest partners in their dens, may 
be regarded as fully abreast of by much the greater part of 
the osseous fishes in both their instincts and their organiza- 
tion. The family of the sharks, on the other liand, and some 
of the rays, rise higher, as if to connect the class of fish with 
the class immediately above it, — that of reptiles. Many of 
them are \'iviparous, like the mammalisi,— attached, it is said, 
to their young, and fully equal even to birds in the strength 
of their connubial atbichments. The male, in some iasttinct^s, 
has been known to pine away and die when deprived of his 
female companion.* But then, on the other hand, the car- 
tilaginous fishes, in some of their tribes, sink as low beneath 
the osseous as they rise above them in otheiu The suckers, 
for instance, a cartilaginous family, are the most imperfect of 
all vertebral animals, — some of them want even the sense of 
sight ; they seem mere worms furnished with fins and gills, 
and were so classed by Linnscus ; but though now ascertained 
to be in reality fis&es, they must bo regarded as the lowest 
link in the scale, — ^as connecting the class with the class 

* Some of the obsoous fishes are also viviparous,— the “ viviparous blon- 
ny,” for instanco. The evidence from which the supposed afifection of the 
liigher fishes for their ofispring has been inferred is, I am afraid, of a 
somewhat equivocal character. The love of the sow for her litter hovers 
at times between that of tho parent and that of the opicure ; nor have wo 
proof enough, in the present state of ichthyological knowledge, to conclude 
to which side the parental love of tho fish inclines. She connubial afibo- 
tions of some of the higher families seem better established. Of a pair of 
gigantic rays {Cephaloptera gioma) token in the Mediterranean, and de- 
scribed by Bisso, the female was captured by some fishermen ; and tho 
male continued constantly about tho boat, as if bewailing the fate of his 
companion, and was then found floating dead.— See Wilson's article /cA- 
thgologg, ** Encyclopaedia Britannica,*’ seventh edition. 
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Verme^ just as the supenor cartOaginous fishes may be re- 
garded as oonnecting it with the class RepUIia. 

Between the osseous and the cartilaginous fishes there ex- 
ist some very striking dissimilarities. The skull of the osse- 
ous fish is divided into a greater number of distinct bones, 
and possesses more moveable parts, than the skulls of mammi- 
ferous animals ; the skull of the cartilaginous fish, on the 
contrary, consists of but a single piece, without joint or su- 
ture. There is another marked distinction The bony fish, 
if it approaches in form to that general t3rpe which we reoog* 
nise amid all the varieties of the class as proper to fishes, 
and to which, in all their families, nature is continually in- 
clining, will be found to have a tail branching out, as in the 
perch and hen’ing, from the bone in which the vertebral 
column teimiinates ; whereas the cartilaginous fish, if it also 
approach the general type, will be found to have a tail form- 
ed, as in the sturgeon and dog-fish, on both sides of the lower 
portion of the spine, but developed much more largely on the 
under than on the upper sida In some instances it is want- 
ing on the upper side altogether. It may be as impossible 
to assign reasons for such relations as for those which exist 
between the digestive organs and the hoqfs of the ruminant 
animals ; but it is of importance that they should be noted.* 
It may be remarked further, that the great bulk of fishes 
whose skeletons consist of cartilage liave yet an ability of se- 

* Dr Buckland, in his ** Bridgewater Treatise,’* assigns satisfactoiy rea- 
sons for this construction of tail in sturgeons and sharlu. Of the fishes of 
thoBo two orders, he states, **the former perform the office of scavengers, 
to clear the water of impurities, and have no teeth, but feed, by means of 
a soft leathor-like mouth, capable of protrusion and oontractioo, on putrid 
vegetables and animal substances at the boltomr; and hence they have con- 
stantly to keep their bodies in an inclined position. The sharks employ 
their tail in another peculiar manner,— to turn their body, in order to bring 
the mouth, which is placed downwards beneath the head, into contact 
with their prey. We find an important provision in every animal to give 
a position of ease and activity to the head during the operation of feeding.” 
“ Bridgewater Treatise,” p. 279, voh i., first edition. 
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eretiiig the calcareous earth which composes bose^ and that 
they are famished with bony coveiings, either partial or en* 
tire* Their bones lie outside. The thom-baok derives its 
name from the multitudinous hooks and spikes of bone that 
bristle over its body ; the head, back, and operculum of the 
sturgeon are covered with bony plates; the thorns and 
prickles of the shark are composed of the same material. 
The framework within is a framework of moi*e animal mat- 
ter ; but it was no lack of the osseous ingredient that led to 
the anangement^ — ^an anungement which wc can alone refer 
to the will of that all-potent Creator wdio can transpose his 
materials at pleasure, without interfering with the perfi-ction 
of his w-ork. It is a curious enough circumstiince, that some 
of the osseous fishes, as if entirely to rcvei*se the condition 
of the cartilaginous ones, are pai*titilly covered w ith plates of 
cartilage. They arc bone within and cartilage without, just 
iU5 others are bone without and cartilage w'itbin. 

But how apply all this to the geology of the Old Red Sand- 
stone ? Very directly. The ichthyolites of this ancient for- 
mation hold, as has been said, an intermediate place, unoccu- 
pied among present existences, between the two scries, and 
in some respects resemble the osseous, and in some the car- 
tilaginous tribes, Tlie fact reminds one of Dr Jf>hnson’s 
shrewd objection to the theory embraced by Soame Jenyns 
in his “ Free Inquiry,” and which was the theory also of Pope 
and Bolingbroke. The metaphysician held, with the poet and 
his friend, that there exists a vast and finely graduated chain 
of being from Infinity to nonentity, — ^from God to nothing ; 
and that to strike out a single link would be to mar the per- 
fection of the whole.* The moralist demonstrated, on the 

* ** See, throngli this air, this ocean, and this earth. 

All matter quick, and bursting into birth ; 

Above, how high progressive life may go ; 

Ai'onnd, how wide ; how deep extend bolow. 
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contrary, that this chain, in the very nature of things, must 
be incomplete at both ends,— that between that which does 
and that which does not exist there must be an infinite dif- 
ference^— that the chain, therefore, cannot lay hold on nothing. 
He showed further, that between the gieatest of finite exist- 
ences and the adorable Infinite there must exist another il- 
limitable void, — tliat the boundless and the bounded are as 
widely separated in their features and qualities as the existent 
aifd the non-existent, — ^tliat the chain, in short, cannot lay 
hold on Deity. He asserted, however, that not only is it 
thus incomplete at both ends, but that we must regard it as 
well-nigh us incomplete in many of its intermediate links as 
at its terminal ones ; that it is already a broken chain, seeing 
that between its various classes of existence myriads of in- 
tcTmediate existences might be introduced, by graduating 
moi'e minutely what must necessarily be capable of infinite 
gradation ; and tliat, to base an infidel theory on the sup- 
posed completeness of what is demonstrably incomplete, and 
on the impossibility of a gap existing in what is already' filled 
with gaps, is just to base one absurdity on another.* Now, 

Vast chain of being, which from God began, — 

Nature’s ethereal, linman angel, man, — 

Buaat, bird, Csh, insect, what no eye can see, 

No glass can reach,— from lufiuito to thee, — 

Fr<mi thee to nothing. On superior powers 
Wore wo to press, inferior might on ouw. 

Or in the full creation leave a void. 

Where, one stop broken, the great scalo's destroy’d : 

Prom Nature’s chain w'hatovcr link you strike, 

Touth or tea thousandth, breaks the chain alike.'’ 

** Essay on Man." 

* The following aro the well-stuted reasonings of Dr Johnson, a writer 
who never did injustice to an argnmout for want of words to express it in : — 
** The scale of existence from Infinity to nothing cannot possibly have 
being. The highest being not infinite must bo at au infinite distance fipom 
Infinity. Choyne, who, with the desire inherent in mathematicians to re- 
duco everything to mathematical images, considers all existence os a erme, 
allows that the basis is at au infinite distance from the body, and in this 
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we find the geology of what may be termed the aecoud age of 
vertebrated existence (for the liower Old Red Sandstone was 
such) coming curiously in to confirm the reasonings of John- 
son. It shows us the greater part of the fish of an entire 
creation thus insinuated between two of the links of our owil 

It is now several years since I was first led to suspect that 
the condition of the iclithyolites of the Old Red Sandstone 
was intermediate. 1 have alluded to the comparative, inde- 
structibility of the osseous skeleton, and the extreme liabilfty 
to decay characteristic of the cartilaginous one. Of a skele- 
ton in part osseous and in }mrt cixrtilaginoua, we must of 
course expect, when it occurs in a fossil state, to find the in- 
destructible portions only. And when, in every instance, we 
find the fossil skeletons of a formation complete in some of 
their pai*ts and incomplete in othei’s, — the entire portions 
invariably agreeing, and the wanting portions invariably 
agreeing also, — it seems but natural to conclude that an ori- 
ginal difference must have obtained, and that the existing 

distance between finite and infinite there will be room for ovor for an infi- 
nite series of indefinable existenco. 

** Between the lowest positive existence and nothing, whenever we sup- 
pose positive existence to cease, is another chasm infinitely deep, where 
there is room again for endless orders of subordinate nature, continued for 
ever and ever, and yet infinitely superior to non-existence. 

“ To these meditations humanity is unequal. But yet we may ask, not 
of our Maker, hut of each other, since on the one side creation, whenover 
it stops, must stop infinitely below infinity, and on the other infinitely 
above nothing, what necessity there is that it should proceed so far either 
way, — that being so high or so low should ever have existed ? We may 
ask, but I believe no created wisdom can give an adequate answer. 

''Nor is this all. In the scale, wherever it begins or ends, are infinite 
vacuities. At whatever distance wo suppose the next order of beings to 
be above man, there is room for an intermediate orde:^f beings between 
them ; and if for one order, then for infinite orders, since everything that 
admits of more or less, and consequently all the parts of that which admits 
them, may be infinitely divided ; so th»t, as far as we can judge, there 
may be room in the vacuity between any two steps of the scale, or between 
any two points of the cone of being, for infinite exertion of infinite power.” 
—Review of “ A Free Inquiry,” 
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part8, which we can at once recognise as bone, must have 
been united to parts no|| wanting, which were composed of 
cartilaga The naturalist never doubts that the shark’s teeth, 
which he finds detached on the shore, or buried in some 
ancient formation, were united originally to cartila^nous 
jawa Now, in breaking open all the ichthyolites of the 
Lower Old Ked Sandstone, with the exception of those of the 
two fignilies already described, we find that some of the 
parts are invariably wanting, however excellent the state of 
preservation mainbiined by the rest. I have seen every scale 
preserved and in its place,— one set of both the larger and 
smaller bones occupying their originaT position, — jaws thickly 
set with teeth still undetached from the head, — ^the massy 
bones of the skull still unseparated, — ^the larger shoulder- 
bone, on which the operculum rests, lying in its proper bed, 
— ^the operculum itself entire, — and all the external rays 
which support the fins, though frequently fine as hairs, spread- 
ing out distinct as the fibres in the wing of the dragon-fly, 
or the woody neiwes in an oak leaf. In no case, however, 
have I succeeded in finding a single joint of the vertebral co- 
lumn, or the tiuce of a single internal ray. No part of the 
inteiiial skeleton survives, nor does its disappearance seem 
to have had any connection with the gi’eater mass of putres- 
cent matter which must have surrounded it, seeing that the 
external rays of the fins show quite as entire when turned 
over upon the body, as sometimes occurs, as when spread 
out from it in pix)file. Besides, in the ichthyolites of the 
chalk, no parts of the skeleton are better preserved than the 
internal parts, — the vertebral joints and the internal rays. 
The reader must have observed in the <5iases of a museum of 
natural history, preparations of fish of two several kinds, — 
prepamtions of the skeleton, in which only the osseous parts 
are exhibited, and preparations of the external form, in which 
the whole body is shown in profile, with the fins spread to 
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the fully and at least half the bones of the head covered 
the skin, but in wliich the vertebi'^^oluinn and internal my s 
are wanting. Now, in the fossils of the Chalk, with those 
of the other later formations, down to the New Red Sand- 
stone, we find that the skeleton style of preparation obtains ; 
whereas in at least three-fourths of the iehthyolites of the 
Lower Old Red we find only what we may .onn the external 
style. I had markeil, besides, another circumstiinccf in tlie 
iehthyolites, whicli seonietl, like a nice point of circuiustiintial 
evidence, to give testimony in the Siirnc line. The tails 
of all the iehthyolites whoso vcrtebml columns and internal 
rays are wanting are unccpially lobed, like those of tlie dog- 
fish and sturgeon (both cartilaginous lishes), and the body 
iiins on to nearly the termination of the surrounding rays. 
The one-sided condition of tail exists, says Cuvier, in no njcent 
osseous fish kno\v'n to naturalists except in the hony }>ikc, — 
a saui'oid fish of the wanner rivcisj of America. Witli de- 
ference, however, to so high an authority, it is questionable 
whether the tail of the bony pike shouhl not mtlier be described 
as a tail set on somewhat awry, than as a one-sided tail. 

All these peculiarities I could but note as they turned up 
before me, and express, in pointing them out fo a few friends, 
a sort of vague, because hopeless, desire that good fortune 
might throw m» in the way of the one man of all the world 
best qualified to explain the principle on which they occun’ed, 
and to decide whether fishes may be at once bony and carti- 
laginous. But tliat meeting wa.s a contingency rather to be 
wished than hoped for, — a circumstance within the bounds of 
the possible, but beyond those of the probable. Could the 
working man of the north of Scotland Ifiavc so much as 
dreamed that he was yet to enjoy an opportunity of com- 
paring his observations with those of the naturalist of Neuf- 
ch^itiel, and of having his inferences tested and confirmed ? 

The opportunity did occur. The working man did meet 



Tins OLD RED RANDSTONEL 


93. 


with Agassiz ; and many a query had he to put to him ; and 
never, surely, was inquirer more courteously entreated, or 
his doubts more satisfactorily resolved. . The reply to almost 
my first question solved the enigma of nearly ten yeai-s’ 
standing. And finely characteristic was tliat reply of the 
frankness and candour of a great mind, that can afford to 
make it no secret that in its onward advances on knowledge 
it may know to-day wliat it did not know yesterday, and that 
it is content to “ gjiin by dcgi*ces upon the darknesa” “ Had 
you asked me the question a fortnight ago,” said Agassiz, “ I 
could not have replied to it Since then, liowcver, I have 
(‘xamined an ichthyolitc of the Old Eed Sandstone in which 
the vci*tohi*al joints are fortunately impressed on the stone, 
though the joints themselves have disappeared, and wliich, 
exactly resembling the vertebrie of the sliark, must have been 
cartilaginous.” In a subsequent conversation the \vTiter was 
giatificd by finding most of liis other facts and inferences 
authenticated and conlinncd by those of the naturalist I 
shall attempt introducing to the reader the peculiarities, ge- 
neral and specific, of the ichthyolites to which these fircts and 
obseiwations m«ainly referred, by describing such of the fami- 
lies as are most abundant in the formation, and tlie points in 
wdiich they cither resemble or difier from the existing fish 
of our seas, • 

• Of these ancient families, the Ostcolejyhy or bony-scale (see 
Plate IV., fig. 1), may be regarded as illustrative of the go- 
ncral type. It was one of the firat-discoverod of tbe Caith- 
ness fishes, and received its name, in the days of Cuvier, 
from the osscoiis character of its scales, era it was ascertained 
that it had uumeraus conteiiqxjraries, and tliat to all and 
each of theso the same description applied. The scales of 
the fishes of the Lower Old Red Sandstone, like the plates 
and detached prickles of the purely cartilaginous fishes^ were 
composed of a bony, not of a horny substance, and were all 
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coated externally with enamel^ The circumstance is one of 
inteireei 

Agassr^ in his system of classification^ has divided fishes 
into four orders, acconling to the form of their scales ; and 
his principle of division, though api)ai*ently arbitrary and 
trivial, is yet found to separate the class into great natural 
families, distinguished from one another by other and very 
spiking peculiarities. One kind of scale, for . instance, — the 
placoid or broad-plated scale, — is found to characterize all the 
cai’tilaginous fishes of Cuvier except the sturgeon : it is tlio 
characteristic of an otlienviso well-marked series, wlioso fa- 
milies are furnished with skeletons composed of mere animal 
matter, and whose gills open to the water by Rpiniclc‘s. The 
tish of another oixler are coveml by ctenoid or comh-slmpcd 
scales, the posterior margin of each scale being tootheil some- 
what like the edge of a saw or comb ; and the order tlms 
(ILstiuguished is found wonderfully to agree with an order 
formed previously on another principle of classification, the 
Acanthoptorygii, or thoray-finned order of Cuvier, excluding 
only the smooth-scaled families of this previously-formed di- 
vision, and including, in addition to it, the flat fish. A third 
order, the Cycloidean, is marked by sim])lo marginated scales, 
like those of the cod, haddock, whiting, herring, salmon, &c. ; 
and this order is Ibund to embrace chiefly the Malacopterygii, 
or sofb-finned order of Cuvier, — an order to wliich all these 
well-known fishes, with an immense multitude of othei’s, be- 
long. Thus the results of the principle of classification adopt- 
ed by Agassiz wonderfully agree with the results of the less 
simple principles adopted by Cuvier and tbc other masters 
in this department of natural history. Kow, it is peculiar to 
yet a fourth order, the Ganoidean, or shining-scaled order, 
that by much the greater number of the genera which it com- 
prises exist only in the fossil state. At least five-sixths of 
the whole were ascertained to be extinct several years ago, 



OsttiAfpn 




THE OLD RED SANDSTONE. 


95 


at a time when the knowledge of fossil ichthyology was much 
more limited than at present ;*the proportions are now found 
to be immensely greater on the side of the dead. And this 
order seems to have included all the 8emi*o8seou8^ semi-carti- 
laginous ichthyolites of the Lower Old Red Sandstone. The 
enamelled scale is the characteristic, according to Agassiz's 
principle of classification, of the existences that filled the gap 
so often alluded to as existing in the present creation. All 
tlicir scales glitter with enamel : they bore to this order the 
relation that the cartilaginous fishes bear to the Placoidean or- 
der, the thoniy-finned fishes to the Ctenoidean order, and the 
soft-finned fishes to the Cycloidean order. It also included, 
with the semi-cartilaginous, the sauroid fishes, — ^those master- 
existences and tyrants of the earlier vertebrata; and both 
classes find their representatives among the comparatively 
few ganoid fishes of the present creation, — ^the one in the 
sturgeon family, which of all existing fimulies approaches 
nearest in other respects to tlie extinct semi-cartilaginous 
fishes, — ^the other in the sauroid genus Lepidoateus, to which 
the bony pike belongs. The head, back, and sides of the 
sturgeon are defended, as has been already remarked, by 
longitudinal rows of hard osseous bosses, — ^the bony pike is 
armed with enamelled osseous scales, of a stony hardness. 
It seems a somewhat curious circumstance, that fishes so un- 
like each other in their internal framework should thus re- 
semble one another in their bony coverings, and in some 
slight degree in their structure of tail. One of the charac- 
teristics of sauroid fishes is the extreme compactness and 
hardness of their skeleton.* 

♦ “ Tho sauroid or lizard-like Ssbes,” says Dr Buckland, “ oombine in 
the structure, both of the bones and some of the soft parts, obaracters 
which are common to the class of reptiles. The bones of the dnill m 
united by closer sutures than those of common Sshes. The vertebne arti- 
culate with the spinous processes by sutures, like the vertebneof saurians; 
the ribs also articulate with the extremities of the spinous processes. The 
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It requil'os skill such as that possessed by Agassiz to de- 
termine that the uncouth Coccostens^ or the equally uncouth 
PtericlithfSy of the Old Red Sandstone, with their long arti- 
culated tails and tortoise-like plates, were hona Jide fishes ; 
hut there Ls no possibility of mistaking the Osteolcpis : it is 
obvious to the least pmetised eye that it must have been a 
fish, and a handsome one. Even a ciirsoiy examination, 
however, shows veiy striking peculiarities, whirh are found, 
on further examination, to characterize not this family alone, 
but at least one-half the contemporary families bosidts. We 
are accustomed to see vertebnited animals with the bone un- 
covered in one part onl}', — ^that part the ti‘t‘th, — and with the 
rest of the skeleton wrapped up in fle h and skin. Among 
the reptiles we find a few exceptions ; but a creature with a 
skull as naked as its teeth, — the bone being merely covered, 
as in these, by a hard shining enamel, and with toes also of 
bare enamelled bone, — would be deemed an anomaly in crea- 
tion. And yet such was the condition of the Oateolapis and 
many of its con tern poiurics. Tlie enamelled teeth wore 
[)laccd in jaws which presented outside a surface as naked 
and as finely enamelled as their own. (See Plate IV., tig. fi.) 
The entire head was covered with cnnmellcsl osseous plates, 
furnished inside, like other lx)nes, as shown by their cellular 
construction, with tlieir nourishing blood-vessels, and perhaps 
their oil, and which rested apparently on the cartilaginous 
]*ox which must liavc enclosed the brain, and conii(*cted it 
with the vertebnd column. I cannot better illustrate thf‘. 
peculiai* condition of the fins of this ichthyolite than by the 
webbed foot of a watertowl. The web ois nijgmbranc in all 
the aquatic birds with which wc arc acquainted not only 

caudal vertebrae have distinct chevron bones ; and iho general condition of 
the skeleton is' stronger and more solid than in other Osbes ; the air-bladder 
also is bi6d and cellular, approaching to tlio character of lungs ; and in 
tlie throat there is a glottis, as in sirens and salainandoi's, and many sau- 
riaii8.’*^Noto to ** Bridgewater Treatise,” p. 274, fiist edition. 
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connects, but also covers, the toes. The v/cb or membrancin 
t!io fins of existing fishes accomplishes a similar piir|K>se ; — 
it both comieets and covei’s the supporting bones or rays. 
Imagine, however, a webbed foot in which the toes, con- 
nected but not covered, ^present, ns in skeletons, an upper 
and under surtace of naked bone, and a very correct idea 
may be formed, from such a foot, of the condition of fin which 
obtained among at least one-half the ichthyolites of the 
Lower Old Red Sandstone. The supporting bones or rays 
seem to have l)ccn connected latterly by the membrane ; but 
on both sitles they ])resentcd bony and finely-enamelled sur- 
faces. (Sec Plate IV., fig. 6.) In tliis singular class of fishes 
all was bone without, and all was cartilage within ; and the 
bone in eveiy instance, wliether in the form of jaws or of 
plates, or of scales or of mys, j)rcscntcd an external surface 
of enamel. 

The fins are quite a study. I have alluded to the connect- 
ing membrane. In existing fishes this membi'ane is the prin- 
cipal agent in propelling the creature : it strikes against the 
water, as the membrane of the bat’s vdng strikes against the 
ail’, and the internal skeleton seiwcs but to support and stif- 
fen it for this purpose. But in the fin of the OsteolepiSj as in 
those of many of its contemporaries, we find the condition 
I’cvei’sed. The mys were so numerous, and lay so thickly side 
by side, like feathers in the wing of a bii'd, that they pre- 
sented to the water a continuous siufacc of bone, and the 
membrane only served to supjiort and bind them together. 
In the fins of existing fishes we find a sort of bat-wing •con- 
struction j in those of the Osteolepis^ a sort of bii’d-wing 
constniction. The rays, to give flexibility to the organ which 
they compose, were all jointed, as in the soft-finneil fishes, — 
as in the herring, salmon, and cod, for example ; and we find 
in all the fins the anterior ray rising from the body in the 
form of an angular scale : it iB a strong bony scale in one 

G 
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of its joints, and a bony ray H the rest The oharaoteristio 
is a ciirioiis one. 

It is again necessary, in pursuing o\ir description, to ref r 
for illustration to the purely cartilaginous fishes. In at h?a.-t 
all the higher orders of these, furnished with njovciihlo jaws, 
such as the sturgeon, the ray, and the shark, the mouth is 
placed far below the snout The dog-t s‘i and thorn-bad 
are familiar instanoos. Further, tlie mouth in bony fislies i 
moveable on both the iipj)er and under side, like the K'uk of 
the parix)t ; in the higher cartilaginons tislu‘s it is movt‘abIe, 
an in qumlnjpoih, on iJio under side only. In all tlu'ir ordei's 
too, except in that of the sturg<*on, tlie gills o^jt-n to the 
water by <letach< d spiracles or breathing holes ; but in the 
sturgeon, as in the osseous lislurs, tliere is a eontinnous linear 
opening, shielded by an npeiMilmn or gill-cover. In the 
Osteolepis the mouth (»peni'(l below the snout, btit not so far 
below it as in tlic purely cartilaginous tish(»s ; not fartlier 
l)elow it than in many of tlie osseous ones, — than in the gmius 
Aspro, for instance, or than in the genus Pol^un^mus, or in 
even the liaddock or cod. It was tliickly funiislied with 
slender and shar][)ly-pointe<l teeth. I have hitherto been un- 
able fully to determine whether, like the mouths of the osse- 
ous fislies, it was moveable on both sides, though, from the 
perfect form of what seems to be the iutemiaxillaiy bone, I 
cannot avoid thinking it was. The gills opened, as in the 
osseous fishes, in continuous lines, and wore covered by largo 
bony operculcs, that on the enamelled side somcwliat resemble 
round japanned shields. (See Note D.) 

But while the head of the Osteolepisy with its appendages, 
thus resembled in some points the lieadu of the bony fishes, 
the tail, like those of most of its contemporaries, differed in 
no respect from the tails of cartilaginous ones, such as the 
sturgeon. The vertebral column seems to have run .on to 
well-nigh the extremity of the caudal fin, which we find de- 
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Teloped cKicfljr on the under^ida The tail was a one-Blded 
tail Take into account with these peculiarities, — peculiari- 
ties such as the naked skull, jaws, and operculum, the nakeil 
and tliickly-set mys, and the unec|ually-lol>ed condition of 
tail, — a body covered with scales that glitter like sheets of 
mica, and assunio, according to their position, the porallelo- 
grammical, rhoinboidal, angular, or polygonal form, — a lateral 
line raised, not depressed, — a laisfsl bar on the inner or bony 
side of the scales, wdiicli, like llie doubled-up end of a tile, 
seems to have siu-ved the piiq>ose of fastening them in their 
places, — a geiieml (dustoring of alternate fins towards the 
tail, — and the tout euHcmhfe inii.st surely impart to the reader 
the uh)«i of a very singular little fish The ventral fiiw front 
the space which occ*ui*s between the two dorsals, and the anal 
fin the space wliich intervenes between tlie posterior doi’sal 
tin and the tail Tlie length of tlie Osteolepis^ in my larger 
specimens, somewhat exceeds a foot ; in tlie smaller it MU 
short of six inch(*s. There exist at least three species of this 
ielithyolite, distinguished chiefly, in two of the instances, by 
the smaller and larger size of their scales, compared with the 
bulk of their bodies, and by punctulated markings on the 
* enamel in the case of tlie third. Tliis last, however, is no 
specific difiereiico, but common to the entire genus, and to 
several other genem besides. The names arc, Osteolepis ma- 
crolepidoius, 0. microlepidotmj and 0. arenatn^,'^ 

Next to the Osteolepis we may place the Dipterus^ or 
double-wing, of the Lower Old Red Sandstone, — an ichthyo- 
lito first introduced to the knowledge of geologists by Mr 
Murchison, who, with his friend Mr Sedg^vick, figured and 
described it in a masterly paper jon the older sedimentary 
formations of the north of Scotland, which appeared in the 
“ Transactions of the Geological Society of London” for 1 828. 

* To tlicso tliovc have since been added OsitoltpiM major , 0. intemiedivi, 
and 0. nanw, Tho two latter, however, Agassis regards as donbtfnL 
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The name, derived from ite dorsals, would suit equally 
well, like that oi the Ostcolepis, many of its more rceently- 
cliscovered contempoiuritvi. From the latter ichiliyolite it 
diOered chiefly in the position of its fius, which w’ere op|>o- 
site, not alternate, — the double domils t'xaeily fitiutin^ the 
afial and ventral fins. (See Plate V., tig, 1.) The IViploiy- 
teruSy a nearly resembling ichthyolite of the sjiinc formation, 
also owes its name to the order and arningeiaent of its tins, 
w'hich, like those of the JJipterus, were placed fnniting each 
other, and iu paii-s. Put the liead, in j)roportiou to the body, 
was of greater size than in either ihe Jiiptents or Oiifm/rptft ; 
and the mouth, ns imlicated by th«‘ ereature’s length td* jaw, 
must have l)Con of miuh gi'eator width. In their nauv strik- 
ing characteristics, however, the three generti sei‘m to have 
nearly agreed. In all aliJve, .scale.s of bone glisten witli ejia- 
mel ; their jaws, enamel without and bom* w ithin, bristle 
thick w’ith sharppointcil teeth ; clos(*ly-jointed plates, bur- 
nished like auoieiit helmets, cover their liea<ls, and seem to 
have formed a kind of outer tabic to skulls externally of bone 
and intcnially of cartilage ; their gill-covens consist each of a 
single piece, like the gill-cover of the .sturgeon ; their tails 
were formed chiefly on the lower side of their bodies ; and* 
the ray.s of their fins, enamelled like their plates ami tlu ir 
scales, stand up over the coniieciing membrane, like ihe steel 
or brass iu that peculiar armour of the middle ages wdiose 
multitudinous pieces of metal w’crc tjusicned together on a 
groundwork of cloth or of leather. All their scales, plato, 
and rays present a similar style of oraameut. The shining 
and polished enamel is mottled wdth thickly-.set 2 )unciurcs, or 
rather punctulated markings ; so that a Sbalc or i>l!ite, when 
viewed through a microscope, reminds one of the cover of a 
saddle. Some of the ganoid scales of Burdichousc i)resent 
surfaces similarly punctulated.* 

* There exists, occordiog to Agassiz, only a single species of Dipterus,-^ 
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The Glyptulcpia, or carved scale, may be regarded as the 
re[>rc*8eutative of a family of the Lower Old Red Sandstone, 
which, diflering very materially from the genera described, 
had yet many traits in common with them, such as the bare 
bony skull, the bony scales the naked my% and the uneqiiah 
ly-sided condition of tail The fins^ which were of consider- 
able length in proportion to their breadth of baae^ and pys- 
sent in some of the specimens a pendulous-like appearance^ 
cluster thick tog<^ther towards the creature’s lower extremi* 
ties, l^iving the upper portion bare. There are two dorsals, 
placed as in the JJipiems and Diplopi^'^t^j — the anterior 
directly opimsite the vent ml fin, tlic ix>sterior directly ojjpo- 
.site the anal. The tail i.s long and .spreading : the rays, 
long and luiniorously articulated, are comparatively stout at 
their base, and >lemler as haim wheix' they terminate. Tlxe 
shouhler-bones are of huge dimensions ; the teeth extremely 
minute. Rut tlio most charj^ctoristic jxarts of the creature 
arc tlie .scab's. Tliev are of gi*cat size compai-ed with the size 
of the niiiijial. An individual not more than half a foot in 
length, the specimen figured (see Plate V., fig. 2), exliibita 
scales fully tlircc-eighth j>arts of an inch in dmmeter. In an- 
other more broken .specimen them ai'e scales a full inch across, 
and yi't the length of the iehthyolite to which they belonge<l 
sct'ins not to liave much exceeded a*foot and a half Each 
scale consi.'>ts of a double ])latp, — an inner ’and an outer. Tlie 
stnictim^ of the inner is not peculiar to the family or the 
formation : it Is formed of a number of minute concentric 
eirch'.s,^ cimst'd by still minuter mdiating lines, — the one 
described, and the other pmceeding fi'om a common centre. 
(Sec Plate V., lig. Ck) All scales that receive their accessions 

7>. macrofepidotus ; whereas four species of Diphpterus have been enume- 
rated, —i>. affinis, D, borcah’s, D, wacrocephalua, and JD. JpassiziL The 
oxiRtonco of the lost iiauicd, liowever, as a distinct species, is regarded as 
problematical the distinguished naturalist whose name has been affixed 
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of growth equally at their cdg*w^s exhibit iiitemally a corre- 
sponding character. The outer plate presents an appearance 
less common. It seems relieved into ridcros timt drop adow i 
it like sculptured threads, some of them cntiiv*, some brokci., 
some stiaight, some slightly waved (see Plnte V., lig. 3) ; and 
hence the name of the ichthyolite. The plates of the head 
were ornamented in a similar style, but their threads are st- 
broken as to present the appeaninco of dotted liia s, tlie dot 
all standing out in bold relief. Aly collection contains tlir<M? 
varieties of this family ; one of them disinterred from out the 
Cromai’ty’ beds about seven yeai-s ago, and the others only a 
little later, though, panly from the inad(‘tpiiu*y of a writt4»ii 
description, through which I wiis lt‘d to eonttnmd tin* (hfro- 
lepls with tlic ])ipIopU:rvti^ and to regjird tlio (ilppiolrph as 
the Osfeoiepis, 1 was not aware until lately that the diseoveiy 
was really such ; and under the latter nani(» I dc^scribed tlu! 
creature in the Wihiess newspaper several weeks ore it had 
received the name* which it now beaiu It was fii'st ii\tro- 
duced to the notice of Agassiz in autumn last by Ljidy Ciiin- 
raing of Altyre. The species, however, was a ditfcreiit one 
from any yet found at Cromarty.* 

The Cheirolejns, or scaly pcctoml, forms tlio representative 
of yet another family of the Lower Old lied Sandstone, and 
one which any eye, however unpra(;tised, could at once dis- 
tinguish from the families just described. Professor ^’raill 
of the University of Edinburgh, a gentleman whose researches 
in Natural History have materially extended the boundaries 
of knowledge, and whose frankness in communicating infor- 
mation is only equalled by his facility in acquiring it, wjis 
the first discoverer of this family, one vflriety of which, the 
Chetrolepia Trmlliiy bears his nama The figured specimen 
(Plate VL, fig. 1) Agassiz has pronounced a new species, 

• There are three species of Olyptolepis,-' (7. ekgans, Cf, hptopUnu, and 
(7. microlcpidotuB, 
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tlvo tllscovory of tlic writer. lu nil the rcinain.s of this cu- 
riouH finli which I liave kitheito seen, the union of the osseous 
with the ca]*tilaginou8| in the general framework of the crea- 
tures, is strikingly apparent The external skull, the great 
shoulder-bon^ and the rays of the fins, are all unequivocally 
osseous : the occipital and shoulder-bones, in particular, se^ 
of great strength and massiveness^ and are invariably pre- 
served, however imperfect the specimen in other respects ; 
whereas, even in specimens the most complete^ and which 
exliibit every saile and cveiy ray, however minute, and show 
unchanged the entire outline of the animal, not a fragment of 
the iiitcnial skeleton appcai*Ji. The Cheirolepis seems to have 
varicHl from fourteen to four inoluss in length When seen 
in j>rofile, the under line, as in the figunxl variety, seems 
thickly covered with fins, and the ujiper line well-nigh naked. 
'Flu* large pectorals almost encroach on the ventral fins, and 
the ventnds on tlic anal fin : wduTcas the hack, for two-tliirds 
the entire hmgth of the creature, presents a bare rectilinear 
ridge, and the single dorsal, wliich rises but a little way over 
the tail, iniinediatcly o]»posite the posterior portion of the anal 
fill, is coinjiamtively of sinall size. The biil, w hich, in the 
general condition of heing developed cliiefiy on the lower side, 
reseinhles the biils t)f all the creatuiVs contemporaries, is ele- 
gantly loh(‘d. The scales, in proportion to the bulk of the 
body which they cover, are not more than one-twentieth the 
size of tluxso of the Osteofeplif, Tiny are richly enamelled, 
and range diagonally from the slioulder to the Iwlly in wnv- 
ing lines ; and so iVotltMl is each individual scale by longitu- 
dinal gi'ooves and ridges, that on fii’st bringing it under the 
glass, it seems a little bunch of glittering thorns, though, when 
more minutely examined, it is found to present somewhat 
the appearance of the outer side of the deep-sea cockle, with 
its strongly marked ribs and channels, the point in which the 
posterior point terminates representing the hinga (See Plate 
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VI., fig. 2.) Tlio 1)0110.'^ of the lioful, onainollod liko t ho soak .-, 
arc carved into jagged inequalities, somewliat ivsoiiil>ling ihosr 
on the skin of the sharks but more iiTi‘guhir. The 
ings seem intended evidently for etlbct To produce h.iriuony 
of appearance between the J^caly coat and the enamel led occi- 
pital phitcs of bone, the suiTaces of the latter are relieved, 
;:wheTe they border on the shoulders, into what seem scales, 
just as the dead walls of a building ai'e sometimes for the sake 
of uniformity wrought into blind iviudows. The ename11e<l 
mys of the fins are linishod, if I may so speak, after the same 
style. They lie thick upon one another as the fibres of a 
^luiil, and, like these too, they are imbi icated on the .sides,, so 
that the edge of each seems jagged into a row of juickles. 
(See Plate VI., fig. o.) The jaw.s vi' the Chelroh'j^ia wtu^e 
arme<l with tluckly-s<'t .‘>haii) teeth, like those of its contcin- 
pomn’es the Oatco^f^HS ami DiplopUrua,* 

* Tlioro Live boon five (7hcir<»l«'|)ifl enumoratod,— C. Cummin- 

C. C. V. ami ('rnf/m, TUo CVjciru- 

ifyii Aul C. m n-,;avdM u* duublful. 
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CHAPTER V. 

Th* daadfying Principle end ib^ne— Three Oronpee of Iriithyaliiee 
among iho OrganumiH of iho Lower Old Red SaDdstone-* Peculiarities of 
tho Third Group— -Its Varieties— Description of the Chciracanthu»-^Ot 
Two Unnamed Fossils of the same Order — Microscopic Beauiy of these 
Ancient Fishes — Vari«»us Styles of Oruameni which obtain among them 
— Tlio Molluscs of tho Formation — Remarkable chiefly for the Union of 
Modem with Ancient Forms which they exhibit— Its VegelaUea— Im- 
portance and Interest of the Record which it fuiuithcs. 

There rests in the iioighLmirhootl of Cromarty, on the upper 
stratum of one of the riohost i.*]ithyolitc beds I have yet 
seen, a huge wiitor-rolh*(l lu>iilder*of gitinitic gneiss, vrliich 
must have been a traveller, in some of the later periods of 
geological change, from a mountain niiigc in the interior 
llighlaiids of Koss-shiro, more than sixty miles away. It is 
an uncoil tli-lo«*kiiig mass, several tons in weight, with a flat 
upper surface, like that of a bible; and as a tiible, when en- 
gaged in collecting my specimens, I liavo often found occa- 
sion to employ it, I have c«>vered it over, t iinesi without num- 
ber, with fniginents of fi>ssil iislies,'? — with plates, and scales, 
and jaws, ami fins, and, when the seaixh proved successful, 
with entii'c ichtliyolites. Why did I always amiiige tlieni, 
almost without thinking of the matter, into three gi*mipes ? 
Why, even when the mind was otherwise employed, did the 
Augments of the Coccostens and Pterichth^s come to occupy 
one corner of the stone, and those of the various fishes just 
described another comer, and the equally well-marked re- 
mains of a yet diflerent division a thii-d corner ? The process 
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scomoil almost nuvhanii'al, — st llttlo ilitl it. employ the at urn- 
tion, ami so iiivariahle wore flie rosults, Tho fossils (»f t!u* 
surroumling bod always tbuml their ]>hu-i‘s on th^* Imgo stone 
in throe gixnipos ; mul at liines then* was y(‘t a lourtli gronp 
added, — a group wlu»e lUgaiiisms bi*]ong4'd, not tt> the ani- 
mnh but to the vegetable kingiloiii. What led t<» the arninge- 
mout, or in what tlid it originate? In a ]»nnei}»le inherent 
in the human mind, — that ]»rineiple of ela>siiioatiou whu-h 
we find pervading all seienee, — which gives to etieh of the 
many cells of ree<ilh.vtiou it-- appropriati* facts, — and without 
which all knowledge wouhl oxi^t as a disonlerly and .shape- 
loss mass, too huge for the memory to giitsp, and too hetero- 
geneous for the uudorstiinding to einjdoy. I liavo described 
but two of the grou|)esj ami must now say a voty little about 
tlie principle on which, justly or otherwise, I used to sepa- 
rate the thinl, and on the distinctive differences which ren- 
dered the sepamtion so easy, 

Tlie recent Wmy fishe-'^are divided, accortling to the Cu- 
vicrian system (»f clarisirtc;ition, intt> two great orders, — the 
soft-tinned and the tliorny-liiin«Hl onh-r, — the Jfa^a optrn/tjii 
ami the Acaufh^jyf^jrt/^jil, In tlie ft>nm*r, the rays of the fins 
are thin, flexible, artievdated, brand nul ; each ray somewhat 
resembles a jointed bamboo, with this diffcn*m*e, however, 
that wliiit seems a .single ray at bottom bi*anehe.s out into 
three or four ray.s atop. In the latter (tlie thorn y-tiniUMl or- 
der), eftfHxinUy in th*nr a/itfn*f»r florsal, ami perlia[>s anal 
finis the niys arc stiff I'ontinnous spikes of bom*, ami each 
stands detached as a sjM*ar, without joint or bram‘li. The 
perch rimy be instancisl as a familiar illustration of this or- 
der, — the gold-fish of the other. Now, between the fins of 
two sets — Hhfill I venture to say orders? — of the ichthyo- 
lites of the Lower Old 11*^1 S.xu'Ltono, an equally striking 
difference obtains. The fin of the (MeolepUj with its sur- 
face of enamelled and minutely jointed boncS| I have already 
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as a sort of l>ir(l-wiii" fin. The iiake<l niya, with 
their surfaces, lay thick togetlici* as feathers in the 

wing of a bini, — so tiiiek as to conceal tlic connecting rnem- 
bmne*, ; and fins of similar construction chai*acterizc*d the fa- 
mil of the iJiploptervs^ Cl yptolepis^ Clmrolepu^ 

llijfopf tfrhhta, aud, I doubt not, many other families of the 
sjime jMTiod, whi< h await the researclus of fiiture discoverers. 
But the fins of another set of ielithyolitcs, their contempo- 
i*aries, may be described as bat-wing fins r they presented to 
the watera broad expaii.se of ineinbmne ; and the solitary 
ray which survives in each wjis not a jointcsl, but a conti- 
nuous spear-like ray. The fins of this set, or order, are 
thorny fins, like those of the AcaiUlkopterygii : the anterior 
edge of each, with the exception of perhaps the caudal fin, 
which differs in construction from the others, is composed of 
a strong bony spike.' Such, with some tacit reference^ per- 
haps, to the similar Cuvierian pnnciple of classification, were 
the distinctive differences on the strength of which I used 
to arrange two of my groupcs of fossils on the granitic boul- 
der ; aud the influence of the same principle, almost instinct- 
ively exerted, — for in writing the previous pages I scarce 
thought of its exi.stence, — has, I find, given to each group 
its own chapter. 

Of the membranous-finucd aud thoniy-iuyed order of ich- 
thyolitcs, tlie Chei meant husy or tlioniy-haiid (/. e. pectoral), 
may be regaixlcd as an adequate ropresonhitivo, (See Plate 
VI L, fig. 1.) The Cheiracanthns must have been an emi- 
nently handsome little fish, — slim, tapering, and described 
in all its outlines, wlutbor of the boily or the fins, by grace- 
fully w'aved lines. It is, however, a rare matter i6 find it 
presenting its original profile in the stone ; none of the 
other ielithyolitcs are so fi'cquontly distorted as the Cheir- 
acanthus. It seems to have Wn more a cartilaginous and 
less an osseous fish than most of its contemjiorai’ioai How- 
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ever porfcvt the speolnioii, no part oi’ the intcrii.il filcclcton 
is ever found, not oven nvIiou scales as minute the pimit 
of a pin arc pro‘>5crvcd, and every spine stands up in its ori- 
ginal place. And lienee, pmliaps h greatiT degn e of ih xi- 
hility, and consenuent ili.<tortion. The hiuly v.is eo\erod 
with small angular .“cales, )»rightly taiamelled, ami di liealely 
fi'otted into j>;n*allel ridgc'^ tliat run longitiidinalK along ilm 
upper half of the scalt\ and leave the pf).-»terior p* a t ion ot it 
a smooth glittering surface. (St*e Pl de \ II., iig. ‘J. ) ^riu y 
diminisli in size towards the ht'ad, wliicli, frtun the faint 
stain left on the .^tone, seems to h*i\e hem composed of car- 
tilage (^\el^l-^i^.■]^^ and eilln r covered \\ ith skin or lih scales 
of exTreiiu' iiiinutene<';. The lower edge of the operculum 
ht ars a taggisl fringe, like that of a curtain. ^J'lie tail, a tin 
of con^iderahle power, hud the uiie(|ual-.side«l ehiu-aeler com- 
mon to the formation ; and the .slender and numerous niys 
on 1>oth .sides are separated by .so many articulations as to 
present the apjiearanee of pal'll ilelogmmniical Bcales, The 
other fina arc corai)araUvely of small aize. Tlicre ia a ningle 
dorsal placed aliout tw'o-thirds Uio entire length of the crea- 
ture adown the back ; and exactly opposite its pasterior edge 
is the anterior edge of the anal fin. TIic ventral fins are 
placed higli upon the belly, somewhat like tlio.se of tho 
perch ; the pectorals ordy a little higher. But it i.s rather 
in the consti’uction of the fins than in their position that the 
peculiarities of tho CheifamathuB arc most innrkiMl. The 
anterior edge of each, as in the ]>ectomls of the i*xi.sting g<»- 
nera Ceslracion and Ckimmm, Ls formed of a strong large 
spine. In the Chimtera liorealw^ a cartilaginou.s fi.sh of the 
Northern Ocean, the spine seems placed iitfront of tin; weaker 
rays, just, if I may be allowed the comiMirison, ria in a line 
of mountaineers engaged in creasing a swollen torrent, tlm 
strongest man in the party js placed on the upper side of the 
line, to break off tJie force of the cnn*ent from the rest 111 
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tin.' Chi iracanthm^ liowevor, <?acli fin sceinx U> consist of but 
a riingb‘ Hpine, with an angular membrane fixed to it by one 
of its sides, and attached to the creature « body on the other. 
Its fins are masts and Kills, — the spine* representing the mast, 
and the membrane tlic Kiil ; and it is a curious characteristic 
of the order, that the membrane, like the bodj^ of the ichthyri- 
lite, is thickly covered with minute scales. The mouth seems 
to have opened a very little under the snouf^ as in the had- 
dock ; and there are no indications of its having been fur- 
nished with teetlL* 

An ichthyolite fiiiit discovered by the writer about tliree 
years ago, and introduced by him to the notice of Agassiz 
during his recent visit to Edinburg|i, but still unfurnished 
with a name,"}" is a still more striking rt*[>rcscntative of this 
order than even the C heir acanthus. It must have lieeii pro- 
jiortionally thick and shorty like some of the tropical fishes, 
though rather handsome tlian otheiwise (See Plate VIII., 
fig. 1.) The sailes, minute, but considei*ably larger than 
those of tlic Cheiracanthusy are of a rhomboidal form, and so 
regularly striated, — the stria? converging to a youii at the 
jiostei’ior termination of each scale, — tliaf^ wlien examined 
with a glass the botly appeal's as if covei'ed with scjillops. 
(See Plate VITT., Ilg. II.) It seems a piece of extpiisito 
shell-work, such as we sometimes see ou the walls of a gi'otto. 
There are two dorsals, — the posterior, immediately over the 
tail, and directly opposite the anal liu ; and the anterior, some- 
what higher up than the vcntmls ; and all the fins are of 
grtyit ay/jo. The anterior edge of eacli is formed of a strong 
spine, round as the liandlc of a halbert, and diminishing 
gradually and symmetrically to a shai'p jioint Though 
formod externally of solid bone, it seems to have been cum- 

* There have boon throe spocies of Cheiracantkus dotonnined,— C. Wf- 
croIepidotuSt C. minor, and C. Hurchuunu 

t Now detormiuod to be a sxMscies of Vipfacanthut, D. longispinut. 
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posed internally of cartilage, like the bones of some of the 
osseous fishes, — those of the halibut^ for instance ; and the 
place of the cartilage is genei'ally occupied in the stone by 
carbomite of lime. The membrane which formed the body 
of the fin was covered, like that of the Cheiracwithus^ with 
minute scales, of the same seallop-like pattern with tlio rest^ 
but of not more than one-sixth the size of those which cover 
tlie creature* s sides and back. Imagine two hig-sails stifiiy 
extended between tlie deck of a brigantine and her two 
masts, the latter raking its far aft as to fonn an angle of 
sixty degrees with the horizon, and some idea may be formed 
of the dorsals of this singular fish. They were lug-sails, 
formed, not to be acted by the air, but to act iqx)!! the 
water. None of iny specimens show the head ; but, judging 
from analogies fnrni.>lied by the other families of the graup, 
I entertain littlt* doubt that it will he found to be covered, 
not by Ijoiiy i>lates, but by minute scales, diminishing, as 
they appi-uach the snout, into mere points. In none of the 
specimens does any part of the interiuil skeleton survive. 

My collection contains the remains of yet another fish of 
this group, which was unfurnish<,‘d with a name only a few 
mouths ago, but which I firat discovcired about five ycara 
since. (See Plate VIII., fig. 2.) It is now dcjsiguated the 
Diplacanthus ; and, though the smallest ichthyolite of the 
formation yet known, it is by no mcfins the least curious. 
Tlie length from head to tail in some of rny siieciiiiens docs 
not exceed throe inches ; the largest fall a little short of five. 
The scales, which are of such extreme minuteness that their 
peculiarities can be detected by only a powerful glass, resemble 
those of the fjheiracantlms ; but the ridges a!>e more waved, 
and seem, instead of running in nearly parallel lines, to con- 
verge toward the apex. There arc two dorsals, — the one ris- 
ing immediately from the shoulder, a little below the nape ; the 
other directly opposite the anal fin. The ventrals are placed 
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near the middle of the belly. * Tljore is a cwrious mechanism 
of shouldcr-lK)nc involved with a lateral spine and with the 
pectorals. The creature, unlike the CheiracaiUhus^ seems to 
have licen furnishe^l with jaws of lK)nc ; there .are fragments 
of lK>ne upon the head, tuhert ied aj)parcntly on the outer 
surface ; and iniiiuto CNlindeiv* nf carhonate of lime niiining 
idong all the larg"r hones, where we find them accideuUilly 
laid open, show tluit they were f<»rrned on intemal bases of 
cartilage. But the host-marked ehanictori tie of the IL- 
turn is furnished hy the spines of its fins, which are of sin- 
gular heauiy. hlicli s]»ino rtvoinhles a bundle t»f rods, or 
mther, like a (iothie Oiiliuun, tlie sculptured semblance of a 
huiidlo of rods, v/hicli finely diiiiiiii''Ji towards a point, sliaip 
and tiiporing as that of a rusli. (See Plate VIIL, fig. 4.)* 
The rest of tiie tin jnosuits tlio app< n\ince of a mere scaly 
momhinno, and no part of the internal skeleton appears, 
I'erhaps this last circumstance, common to all the ichthyolites 
<»f the formation, if we except the families of the Cocoj^cus 
and Ple 7 'ivhth}/s^ may throw soiiic light on the apparently mem- 
branous condition iif fin peculiar to the families of this order. 
Wliat appeal’s in the fossil a mere scaly memhi'anc attached 
to a single spine of hone may have had in the living animal 
a cartilaginous IVaniewovk, like the fins of the dog-fish and 
thorn-back, that are amply funiished with i-ays of cartilage, 
— though, of coui’so) all such rays mu.st have dis:i]ipeared in 
the stone, like the re^^t of tlie internal skeleton. Uinpiestioii- 
ably the caudal tin of the two la.st-<Iosci’ibod fossils must have 
l>een strengthened by some such internal framework ; iiir, 
as they diller from the other fins in being unprgvided with 
osseous spines, they would have formed, wfitliout an internal 
skeleton, mere pendulous attachments, altogether unfitti\I to 
serve the purpose of instruments of motion. There may bo 

* Agassiz *rcckoii8 four spocies of Diplacanthm, V. crassispinw, D. 
longUpinus, D, stri ttalus, aud D. 9tria(us» 
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found in the hojiy sj»inos ot* ah this onler dinu t j roof ihul, 
had there heon au iutonuil skeleton of’ lunie, it av. *111(1 have 
survived The spiin's run deep into the body, a sliip s 
iiuists lain deep into her luilk : and we can jjCV them 4 andin *4 
up among the seah^s to their termination, in sucli hold relief, 
that, from a sort of pictorial illusion, they seem lus if fixed 
to the crciitiire's sides, and forosh<n‘tened, iiustend of rising 
in prolilo fixnn ita Ixick or belly. (See Plate VIII., tig. 1 .) 
TvobsciTer will of course remember, that in the living 
animal the view of the spine must havo tenninutecl with the 
line of the profile, just as the view of a vessel's mast t'ormi- 
nate.s with the deck, though the mast itself penetrates to the 
interior koid. Now, it must he deemed equally ohviou.s, that 
iuid the vertebral column been of Ume, not of cartilagi*, in- 
stead of exhii»iting no tmeo, even the fainte.st, of having ever 
existed, it would have stoinl out in os liigh r(*li(.‘f as the in- 
ternal butts or stoeks of the spines. And such are the g«»ne- 
r.il chamcteristics of a fe%v of th<‘ ichthyolit(‘s <»f this lower 
foimation of the Old lied Sandstone, — a few of the more 
sU'iking forms, sculpinnul, if T may so speak, on tin* middle 
cowjJiirtmcnt of tJn* (fuithurss pynimid. It w(*uld he easy 
i’e/iJenng the more cmiiphtc* at (‘ven l)»c present 

tht* ilf’l'l M >rif/ .*•'» ii« w ihui a!lll•>^t e\i ry lalK»nrtr in 
a (un exhdnt genera un<\ -p'shs unknown to his brother 
hilKUirers. *riie r* mains of a Hpt-eics of Jlohp^Jtfrhinji hu\e 
b«an di.M*overed low in tiic furiiiaiion, at Orkn(*y, by Dr 
Traill ; similar remains have been found in it at (hunrh*. In 
its upper Ik-mUi the specimens .se( in sfj diilenmi fnun thos(* in 
the l(jwer, that, in extensive collections inad(! from the inferior 
strata of aiw. locality, Agjis.siz luus been unidHe to identify a 
single spe(dmeu with the sjaiciiuens of collections iiiado from 
the superior strata of anothcT, though the genera are the 
same. Mcanivhile there arc heads and hands at ^^rork un the 
subject : geology has become a Briarcus ; and I have little 
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doubt tliat in five years hciici. tliis third portion of the Old 
lied Siiiidstoiie will l>e found to contain as many distinct va- 
rieties of fossil fishes os the whole geological scale was known 
to conttin fifteen years ago.^ 

There is something very admirable in the consistency of 
stylo w hicli obhiins among the ichthyolites of this formation. 
In no single fish of cither group do we find two styles of or- 
nament ; in scarce any two fishes do we find exactly the 
same styla I pass fine buildings almost ^very day. 
some there is a discordant jumbling; — an Egyptian Bphynz; 
for instance, placed over a Doric portico ; in all there pre» 
vails a vast amount of timid imitation. The one repeats the 
other, either in general outline or in the subordinate parta 
But the case is otherwise among the ichthyolites of the Old 
Red Sandstone; nor does it lessen the wonder that their 
nicer ornaments should yield their beauty only to the mi- 
croscope. There is unity of character in every scale, plate; 
and fin, — ^unity such as all men of taste liave learned to ad- 
mv'G in those three Grecian orders from 'which the ingenuity 
of Rome was content to borrow when it professed to invent^ 
— in the masculine Doric, the chaste and graceful Ionic, the 
exquisitely elegant Corinthian ; and yet the unassisted eye 
fails to discover the finer evidences of this unity : it would 
seem as if the adorable Architect had wrought it out in 
secret with reference to the Dmne idea alone. The artist 
who 8cul})turcd the cheny-stone consigned it to a cabinet, 
niid placed a microscope beside it : the microscopic beauty of 
these ancient fishes was consigned to the twibght depths of a 

« a 

* This prodiction has b^n already mure than acoomplisheiL At the 
death of Cuvier in 1832 there were but ninety-two species of fossil fishes 
known to the geologist ; Agassis now enumerates one hundred and five 
speciou that belong to the Old Rod Sandstone alone ; and, if we include 
doubtful speoies, ou which ho has not authoritatively decided,— some of 
wbioh, however, were inoludod in the list of Cuvier,— one hundred and 
fifty-one. 

H 
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pximeval ocean. There is a feeling which at times grows 
npon the iMdnter and the statuary, as if the perception and 
love of the beautiful had been sublimed into a kind of moral 
sense. Art comes to be pursued for its own saka The ex* 
quisite conception in the mind, oi the elegant and elaborate 
model, becomes all in all to the worker, and the dread of 
criticism or the appetite for praise almost nothing. And 
thus, through the influence of a {K>wer somewhat akin to 
conscience, but whose provinco is not the just and the good, 
but the &ir, the refined, the exquisite, liave w'orks pix^secuted 
in solitude, and never intended for the world, been found 
fraught with loveliiie«>s. Sir Thomas Lawi'once, when finish- 
ing with the moht consummate care a j>ictiirc iutomhsl for 
a semi-barbarous foreign court, wa.s asked w hy he took so 
much |jains with a piece dcstmcil |>crhap3 never to come 
under the eye of a coniioisseiu*. “ I cannot help it.,’’ lie re- 
plied ; do tlie best I can, unable, tlirough a tyniut feel- 
ing, that will not bi*ook oflence, to do anything less.’* It 
would l>e perhai>s over-bold to attribute any such o’ermaster- 
iug feeling to the Creator ; yet ceiinin it is, tliat among lus 
creatures well nigh all approximations tow^ards perfection in 
the pro\ince in wdiich it exjiatiates owe their origin to it, 
and that Deity in all Ids works is his own rule. 

The Osteolepis was cased, I have said, from licad to tail, 
in complete armour. The head liad its plaited mail, the 
body its scaly mail, the fins their mail of parallel and jointed 
bars ; the entire suit glittered with enamel ; and every plate, 
bar, and scale, was dotted with microscopic points. Eveiy 
ray had its double or treble punctulated row ; eveiy scale or 
plate its punctulated group ; the markiilj^ lie os tldckly in 
proportion to the fields they cover as the circular pcrfoiu- 
tions in a lace veil ; and the eflecl^ viewed tlirough the glas.s, 
is one of lightness and beauty. In the Clieirolepia an entirely 
diflerent style obtains. The enamelled scales and plates 
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glitter with minute ridges, that show like thorns in a De- 
cember morning vamidied with ioa Every ray of the fins 
presents its serrated edge ; every occipital plate* and bone its 
sculptured prominences ; every scale its bunch of prickledike 
ridges. A more rustic sfyle characterized the Glypklepis. 
The enamel of the scales and plates is less bright ; the sculp- 
turings are executed on a larger scale, and more rudely 
finished The relieved ridges, waved enough to give them a 
pendulous appearance, drop adown the head and body. The 
rays of the fins, of great length, present also a pendulous ap- 
pearance. The bones and scales seem disproxx>rtionately 
larga Tliere is a general rudeness in the finish of the crea- 
ture, if I may so speak, that reminds one of the tatooings of 
a savage, or the con*esponding style of art in which he oma- 
ments the handle of his stone-hatchet or his war-club. In 
tlie CJi^eiracantJm^y on the contrary, there is much of a minute 
and cabinet-like elegance. The silvery smoothness of the 
fins, dotted with scarcely visible scales, harmonized with a 
similar appearance of head ; a style of sculpture resembling 
the parallel etchings of the line-engraver fretted the scales ; 
the fins were small, and the contour elegant I have already 
described the appearance of the unnamed fossils, — ^the seem- 
ing shell-work that covered the sides of tlic one, — ^its mast- 
like spines and sail-Iiko fins ; and the Gothic-like peculiari- 
ties that characterized the other, — ^its rodded, obelisk-like 
spines, and the external finmework of bone that stretcheil 
along its pectorals. 

Till very lately it was held that the Old Red Sandstone 
of Scotland contained no mollnsca. It seemed difiicult, how- 
ever, to imagine a sea abounding in fish and yet devoid of 
shells. In all my explorations, therefore, I h^ an eye to 
the discovery of the latter, and on two several occasions I 
disinterred what I supposed might have formed portions of 
a caidium or terebratula. On ajiplying the glassy hoyever, 
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the puuctulated character of the Biu*fiice showed that the 8ui>- 
posed sheik were but parts of the concave helmet*like plate 
that covered the snout of the In the ichthyolite 

beds of Cromarty and Boss, of Moray, Banff, Perth, Fot&r, 
Fife^ and Berwickshire^ not a singfe shell has yet been found ; 
but iliere have been discovered of late^ in the upper beds of 
the Lower Old Bed Sandstone in Orkney, tlio remains of a 
.small delicate bivalve, not yet described or figured, but which 
veiy much resembles a Yearn, (See Plate V., fig. 7.) In 
the Tilestones of England, so carefully described by Mr 
Miux'hison in his “Silurian System,” shells are very abun- 
dant ; and tlie fact may now be i*eg*anled as csUiblislied, that 
tlie Tilestones of England Wlong to a dojiosit contemporane- 
t)us with the ichthyolitc beds of Caithness uml Cromarty. 
They <K:cupy the same [»lace low in tlie base of the Old lial ; 
and thciv is at least one ichthyolitc ccunmoii to botli,* and 
which does not occur in the superior stmta of the system in 
either couutiy, — the Dlpicrm macrolepidotua. The evidence 
that the fish and Rliells lived in the same i»criod, and repre- 
sent therefore the same formation, may be summed up in a 
single sentence. We Icam fixmi tlio geology of Oaitliness 
tliat this species of Dlpterue was unquestionably contcm]K3- 
raiy with all the other ichtbyolites described ; — we learn 
fi’om the geology of Herefordshire that flie shells were os un- 
<luestionably contemporary with it"f" These — the shells — 
are of a singularly mixed character, rcgfirded as a group, 
uniting, says Mr Murchison, forms at one time deemed cha- 
racteristic of the more modem formations, — of the later se- 
condary, and even tertiary |)Criods, — ^witli forms the most 
ancient, and which characterize the molliiscous remains of 

• “ Silurian System,” part ii., p, 6119, 

f In Bnaaia, too, as diown by the recent disooverios of Morcliisoo, ibe 
Old Bed Mies of Caithness and the Old Bed shells of Devonshire may be 
found lying embedded in the same strata. ^ 
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tho transition rocka Turbinated shdls and bivalves of well 
ni^ the recent typo may be found lying side hy side with 
chambmd OrthoeeratitM and Terebratnla* 

The vegetable remains of the formation are numerous but 
obscuri^ consisting mostly of carbonaceous markings, such as 
might be formed by comminuted seaweed. (See Plate YII.) 
Some of the impressions fork into branches at acute angles 
(see figs. 4, and 6) ; some affect a waved outline (see figs. 7 
and 8) ; most of them, however, are straight and undivided. 
They lie in some places so thickly in layers as to give the 
stone in which they occur a .slaty character. One of my 
specimens sho^-s minute markings, somewhat resembling the 
binl-likc eyes of the Stigmaria Ficoides of the Coal Mea- 
sures ; the branches of another terminate in minute hook's, 
that remind one of the hooks of the young tendrils of the 
pea when they first begin to turn. (See fig. 3.) In yet an- 
other tlicrc arc marks of the ligneous fibre : when examined 
by the glass, it resembles a bundle of hoi'se-hairs lying 
stretched in parallel lines ; and in tliis specimen alone hwve 
I found aught approaching to proof of a teiTCstrial origin. 
The deposition seems to have taken place far from land ; and 
this lignite, if in reality such, had probably diiftcd fiir ere 
it at length became 'weightier than the supporting fluid, and 
sank.*!" It is by no means rare to find fragments of wooil 


* “ Silurian System,” part i., p. 183. 

t The organism here referred to has been since slit by the lapidary, and 
the sections carefully examined. It proves to bo unequivocally a true woo<l 
of tho coniferous cLasn. Tlie followi|^ is tho decision regarding it of Mr 
William Nicol of Edinburgh, oonfosscdly one of our highest living autho- 
rities in that division of fossil botany which takes cognisance of the internal 
structure of lignites, and decides from their anatomy their race and family : 

Edinburgh, 19th July 1845. 

Dkau Snt,— I have examined tho structure of tho fossil-wood which you 
found in the Old Bod Sandstone at Cromarty, and have no hesitation in 
stating, that tho reticulated texture of the transverse sections, though 
somowliat compressed, clearly indicates a coniferous origin ; but as there 
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diat have been borne out to sea by the gnlf-etream from the 
shores of Mexico or the West Indian Islands, stranded on the 
rocky coasts of Orkney and Shetland. (See Note El) 

The dissimilarity which obtains between the foasils of the 
contemporary fonnations of tliis system in Englaml an<l Scot- 
land is instructive. The group in the one consists mainly of 
molluscous animals ; in the other, almost entirely of ichthy- 
elites, and what seem to have been algio. Other looAlitit> 
may present us with yet different groiipos of the same penod, 
— with the pirxiuction of its coasts, its hikes, and its nvers. 
At present we are but beginning to know just a little of its 
littoral shells, and of the fishes of its pitifbuudey depths. These 
Jast arc sui*ely curious subjects of inquiry. We cannot cate- 
chise our stony ichthyolites, os the necromantic lady of the 
“ Arabian Nights'’ did the coloured fishes of the lake which 
liad once bee n a city, wlien she touched tlieir dead bodies witli 
her w'and, and they straightway raised their heads and replied 
to her queries. W© would have many a question to ask them 
we could,— questions never to be solved. But even the 
contemplation of their remains is a powerfiil stimulant to 
thought. The wonders of geology exercise every faculty of 
the mind, — reason, memory, imagination ; and though we 
cannot put our fossils to the question, it is somctliing to be 
ro aroused as to be made to put questions to one’s self. I 
have referred to the consistency of style wliicli obtjuned among 
these ancient fishes, — the unity of character which marked 
every scale, jilate, and fin of every various family, and which 
distinguished it from the rest ; and who can doubt that the 
same shades of variety existed in their ]^bits and their in- 
stincts ] We speak of the infinity of Deity,— of his inex- 

18 not the slightest trace of a disc to bo seen in the longitudinal sections 
paraliol to tho medullary rays, it is impossible to say wbothor it belongs to 
the Pine or Araucarian division.— I am, &c., 


William Niool. 
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haaitible variety of mind ; but we speak of it until the idea 
becomes a piece of mere commonplace in our mouths. It is 
well to bo brought to feel? if not to conceive of it^ — ^to be 
made to know that we ourselves arc barren-minded, and that 
in Him all fulness dwelleth.” Succeeding creations, each 
with its myriads of existences, do not exhaust Him, He never 
rex>eats himself. Tlie curtain drops at his command over one 
scene of existence full of wisdom and beauty : it rises again, 
and all is glorious, wise, and beautiful as before, and all is 
new. Who can sum up the amount of wisdom whose record 
He has written in the rocks, — wisdom exhibited in the suc- 
oceiling creations of earth, ere man was, but which was exhi- 
bited surely not in vain ? May we not say with Milton, — 

Tliiuk not though men were none, 

That hc.avon could want specLators, God want praifie ; 

Millions of spiritual croatures walked tho earth, 

And these with ceaseless praise his works beheld. 

It is well to return on the record, and to read in its une- 
quivocal characters the lessons which it was intended to teach. 
Infidelity has often misinterpreted its mesining, but not the 
loss on that account has it been inscribed for purposes alike 
wise and benevolent. Is it nothing to be taught with a de- 
monstrative evidence which the metaphysician cannot supply, 
that races are not eternal, — ^that every family had its begin- 
ning, and that whole ci'eations have come to an end ) 
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CHAPTER VI. 


The lines of the Geographer rarely Right Linos-— Those last, however, al- 
ways worth looking at when they occur— Striking Iiistauro in tlie Lino 
of the Groat Caleilouiaii Valley— Indicative of t!»o Direction in whicfi 
the Volcanic Agencies have ofiemted — Sections of the Old Rod Sand- 
stone furnished by the Granitic Kmiuouces of the Tine— Illustration — 
Lias of the Moi-ay Frith— Surmniugs* regarding its Original ICxUnit — 
These lead to an Exploratory Ramhlo— Nairativo— IMu'iiDinciia Exlr*- 
hited in the course of Half an Hour's Walk— The Littlu Bay— lU Strata 
and their Organisms. 


The natural lx)iinclaric8 of the geographer are rarely ilosorileJ 
by right lines. Whenever tlu^o occur, however, the geolo- 
gist may look for something remarkable. There is one very 
striking example fnmished by the north of Scotland. The 
reader, in coiusuUing a map of the kingdom, will find that 
the edge of a ruler laid athw-art the countiy in a direction 
from south-w’cst to iiorth-eafit touches the whole northern side 
of the great Caledonian VaHey, with its long straight line of 
lakes, and onwards, beyond the valley’s termination at both 
ends, the whole northern side of Loch Eil and Loch Linnho, 
and the whole of the abnipt and precipitous northern shores 
of the Moray Frith, to the extreme point of Tarbat Ness, — 
a right line of considerably more than a h^dred miles. Nor 
does the geography of the globe furnish a line better defined 
by natural marks. There is both rampart and fossa On 
the one hand we have the rectilinear lochs and lakes, with 
an average proftindify of depth more than equal to that of 
the German Ocean, and, added to these, the rectilinear lines 
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of frith ; on the other handi With bat teiw Intmraptionj^ there 
is an inclined wall of rock, which rises at a steep angle in the 
interior to nearly two thotusand feet over the level of the 
Great Canal, and overhangs* the sea towards its northern ter- 
mination, in precipices of more tlian a hnndred yards.* 

The direction of this rampart and fosse^ — this Homan wall 
of Scottish geological history, — seems to have been that in 
which the volcanic agencies chiefly opemted in upheaving the 
entire island from the abyss. The line survives as a sort of 
footrtrack, hollowed by the frequent tread of earthquakes, to 
mark the course in which they journeyed. Like one of the 
great lines in a trigonometrical survey, it enables us, too, to 
describe the lesser lines, and to determine their average bear- 
ing. 21ie vdcanic agencies must have extended athwart the 
country from soudiricesi to north-east Mark, in a map of the 
island, — all the better if it be a geological one, — the line in 
which most of our mountain-ranges stretch across from the 
German Ocean to the Atlantic, — the line^ too, in which our 
friths, lochs, and bays, on both the eastern and western coasts, 
and especially those of the latter, run into the interior ; mark 
also the line of the geological formations, where least broken 
by insulated groupes of lulls, — ^the line, fbr instance, of the 
Old Bed Saodstone belt, which flanks the southern base of 
the Grampiaua,-*-thc nearly parallel line of our Scottish coal- 
field, in its course from sea to sea, — the line of the Grau- 
wacke, which forms so largo a poi*tion of the south of Scot- 
land, — the line of the English coal-field, of the Lias, of the 
Oolite, of the Chalk ; and how in tliis process of diagonal 
lining, if I may so speak, the south-eastern jK>rtion of Eng- 
land comes to be cut off from the secondary formations alto- 
gether, and, but for the denudation of the valley of the Weald, 

* The valley of the Jordan, IVom the village of Laisb to the southern 
extremity of the Dead Sea, fumishos another very remarkable instance bf 
a geographical right line. 
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voiild have exhibited only toriiary depositioan. In all those 
lines, whether of mountains, lakes, fnths, or fomationa, there 
is an approximation to painllclism with the line of the fprtnii 
Caledonian Valley, — ^proofs that the upheaving agency from 
beneath must have acted in this direction from some unknown 
causey during all the immensely extended term of its opera- 
tions^ and along the entire lengtii of the islaiuL It is a fact 
not unworthy of remark, that the piofoimd depths of Loch 
Ness undulated in strange sjrmpathy with the reeling towers 
and crashing walls of Lisbon during the great earthquake 
of 17dd ; and that the impulse, tnie to its ancient direction, 
sent the waves in huge furrows to the north-east and the south- 
west 

The north-eastern portion of this rectilinear wall or chain 
runs for about thirty miles through an Old Red Sfindstonc 
district The materials which compoKo it are as unlike those 
of the plain out of which it arises, as the materials of a stone- 
dyke running half-way into a field are unlike the vegetable 
mould which forms tlie field’s surface. Tho ridge itself is of 
a granitic texture, — a true gneisa At its Imse we find only 
conglomerates sandstones, shales, and stratified clays, and 
these lying againUt it in very high angles. Hence tho gco- 
lo^cal interest of this lower portion of the wall. As has 
been shjrewdly remarked by Mr Murchison, ♦ in one of his 
earlier papers, the gneiss seems to have been forced through 
the sandstone from beneath in a solid, not a fiuid form ; and, 
as the ridge atop is a narrow one, and the sides remarkably 
abrupt, — an excellent wedge both in consistency and form, — 
instead of having acted on the surrouncl%g depositions, as 
most of the south-country traps have done that have merely 
issued from a vent and overlaid the upper strata, it lias tom 
up the entire formation from the very bottom. Imagine a 
large wedge forced from below through a sheet of thick ice 
. * See ** Troiuactioiuiof the London Geological Society” for 1828, p. 351 
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Oil a rive r or pond First tKe ice rises in an angle Uiat be- 
comes sharper and liighcr as the wedge rises ; then it cracks 
and ope ns, presenting its upturned edges on both sides, and 
tluough comes the wedge. And this is a very different pro- 
cess, be it observed, from what takes place when the ice 
merely cracks^ and the water issues through the mck. In 
the one case there is a rent^ and water diffiiaed over the sur- 
face j in the other there is the projecting wedge^ flanked by 
the upturned edges of the ice ; and these edges, of course^ 
serve as indices to decide regarding the ice’s thickness, and 
the various layers of wliich it is composed Now, such are 
the phenomena exhibited by the wedge-like granitic ridge. 
The Lower Old Bed Sandstone, tilted up against it on both 
sides at an angle of about eighty, exhibits in some parts a 
section of well nigh two thousand feet, stretching from the 
lower conglomcmte to the soft unfossiliferous sandstone which 
forms in Ross and Cromarty the upper beds of the forma- 
tion. Tiicixs is a mighty advantage to the geologist in this 
arrangement When books are packed up in a deep box 
or chest, avc have to raise the upper tier ere we can see the 
tier below, and tliis second tier ere we can arrive at a third, 
and so on to the bottom. But when well arranged on the 
shelves of a library, wo have meraly to ran the eye along 
their lettered backs, and we can thus form an acqiudntance 
with them at a glance, which in the other case would have 
cost us a good deal of trauble. Now, in the neighbourhood 
of this granitic wedge, or wall, the strata are arranged, not 
like books in a box, — such was their original position, — ^but 
like books on the shelves of a library. They have been un- 
packed and arranged by the pptilting agent ; and the know- 
ledge of them, which could only liave been attained in tlieir 
first circumstances by perforating them with a shaft of im- 
mense depth, may now be acquired simply by passing over 
their edges. A morning’s saunter gives us what would have 
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cost, but for the upheaving granite, the laboiu* of a hundrod 
miners for five years. 

By &r the greater portion of the life of the writer was 
I^Mint within less than half an houi^s walk of one of these 
upturned edgea I have described the grsnitio rodc^ with 
reference to the disturbance it has occasioned, as a wedge 
forced finm below, and with reference to its rectilinear posi- 
tion in the sandstone district which it traverses, as a stone- 
wall running half-way into a field. It may communicate a 
still correcter and livelier idea to think of it as a row of 
wedges, such as one sometimes sees in a quany when the 
workmen ai'e engaged in cutting out from tlic mass i^ome im- 
mense block intended to fonn a stately column or huge ar- 
chitrave. The eminenroH, like the wedges, are sepamted : in 
some places the sandstone lies l)etwceu ; in others theii* oc- 
cur huge chasms filled by the .sea. The Friths of Ch*omarty 
and for instance, and the Hay of jMunlochy, open 

into the interior ftetwoen these wcdge-Iiko eminences : the 
well-known Suiors of Cromarty represent two of the we<lge« ; 
and it was the section furnished by the Houthom fciutor that 
lay so immediately in the writer s ueiglibourlnKwl. 1'he line 
of tlic Cromarty Frith forms an angle of about thirty -five 
degrees wdth that of the granitic lino of wedgt^like hills 
which it bisects ; and hence the peculiar shape of that tongue 
of land which forms the lower portion of the Black Isle, and 
which, washed by the Moray Frith on the one side, and by 
the Frith of Cromarty on the other, has its apex occupied by 
the Southern Sutor. Imagine a lofty promontory somewhat 
resembling a huge spear thrust horizonta]j[y into tho sea, a 
ponderous mass of granitic gn^as, of about a mile in length, 
forming the head, and a rectilinear line of the Old Red Sand- 
stone, more than ten miles in length, forming the shaft ; and 
such is the appearance which this tongue of land presents 
when viewed from its north-western boundary, the Cromarty 
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FritL Wlic*n viewed from the Moray Frith, — ^its south- 
western bouudaiy , — we see the same granitic spear-head, but 
find tlic line of tlie shaft knobbed by the other granitic emi- 
nences of the chain. « 

Now, on tiiis tongue of land I first broke ground as a 
geologist The quarry described in my introductory chapter 
as* that in which my notice was first attracted by the ripple- 
markings opens on the Ciomarty Frith side of this huge 
spear-e^fif; the qiuiny to which 1 removed immediately 
after, and beside which 1 found the fossils of the Lias, opens 
oil its Moray Frith side. The uptilted section of sandstone 
OQCVLVS on both sides, where the shaft joins to the granitic 
spear-head ; but the Lias I found on the Moray Frith side 
alone. It studs the ctJiust in dctiichcd patches, sorely worn 
by the inccasant lashings of the Frith ; and each patch bears 
an evident i*elatiou, in the place it occupies, .to a coiTespond- 
ing knob or wedge in the granitic line. The Northern Sutor, 
us has been just said, is one of these knobs or wedgea It 
lias its accompanying patch of Lias upheaved at its base^ 
and lying iinconformably, not only to its granitic strata, but 
also to its subordinate sandstones. The Southcni Sutor, ano- 
ther of the.se knobs, has also its accompanying patch of fjias, 
which, though lying beyond the fall of the tide, strews the 
l)cach, after every storm from the east, with its shales and its 
fossils. The hill of Eathic is yet another knob of the series ; 
and it too has its Idas patch. The granitic wedges have not 
only uptilted the sandstone, but they have also upheaved the 
superincumbent Lias, winch, but for their agency, would have 
remained buried under the waters of the Frith, and its ever- 
accumulating banks of sand ^d gravel I had remarked at 
on early period the correspondence of the granitic knobs witli 
the Lias patches, and striven to i*ealize the original place and 
position of the latter ere the disturbing agent had upcast 
them to the light • What^ I have asked, was the extent of 
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this coiupamtively modem formation in this luvil «*f tlu* wc»rld 
ere the line of wedgt's weiv foived thi*ong]i from 1k*1ow' ? A 
wedge stmck thmngh the ice of a pond towainls the ct'ntre 
breaks its continnity, and we lind the iee on both sides the 
wedge ; whereas, when struck through at the jMiiid edge, it 
merely raises tlie ice trom the bank, and w^o find it, in con- 
sequence^ on but one side the wodga Whether, have 1 often 
inquired, were the granitic wedges of tliis line forced through 
the lias at one of its edges, or at a comparaii^ly |entnil 
point? and about ten years ago I set myself to ascertain 
whether I could not solve the question. Tlic Southern Butor 
is a wedge o|)en to examination on both its side's ; the Moray 
Frith waslies it upon one side, — ^the Cromarty Frith on the 
other. Was the Lias to lie found on hotli its sides ( If so, 
the wedge must have been forced through the fonuation, — not 
merely beside it It occur®, aa I Imve wiiil, ou the Moiny 
Frith side of the wedge ; and I resedved t>n carefully expl(»r 
ing the Frith of Cromarty, to tiy whether it did not occur 
on tliat side too. 

With this object I set out on an exploratory rxeui-sion, on 
a delightful morning of August 1 830. The tide wus iUlliiig, 
— it had alniady reachwl tlie line of half-ebb ; and from the 
Bouthem Butor to the low long ])romontory f)U which the 
town of Cromarty is built there extended a bn)iul licit of 
mingled sand-baiiks and x>ools, accumulations of boulde)*s and 
shingle, and large tmets darkened with algae. 1 passed di- 
rect by a grassy pathway to the Butor, — ^thc gmnitic siicar- 
head of a late illustration ; and turned, when I i^cached the 
curved and contjprted gneiss, to trace throq^h the broad belt 
left by^the retiring waters, and in a line parallel to what I 
have described as the shaft of the huge spear, — ^the beds and 
strata of the Old Red Sandstone in their ascending succea- 
rion. 1 first crossed the conglomerate base of the system, 
here little more than a hundred feet in thickness. The cease- 
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less (UlsIi of the waves, which ^smooth most other rocks, has a 
eonti'ary effect on tills bed, except in a few localities, where 
its arennceous cement or base is much indurated Under 
both the Northern and Southern Sutors the softer cement 
yields to the incessant action, while the harder pebbles stand 
out in bold relief ; so that wherever it presents a mural front 
to the breakers, we are reminded by its appearance of the 
artificial rook-worjk of the architect It rou^ens as the rodks 
around it polish. Quitting the conglomerate^ I next passed 
over a thick bed of coarse red and yellow sandstone^ with 
here and there a few pebbles sticking from its BUT&ce, and 
here and there a stratum of finer-grained fissile sandstone in- 
serted between the rougher strata. 1 then crossed over strata 
of an impure grayish limestone and a slaty clay, abounding, 
as I long afterwards ascertained, in ichthyolites and v^table 
remains. There are minute veins in the limestone (appa- 
rently cracks filled up) of a jet-black bituminous substance^ 
resembling anthracite ; the stratified clay is mottled by layers 
of semi-aluminous, scmi-calcoreous nodules, arranged like layers 
of flint in the upper Chalk. These nodules, when cufup and 
polished, present very agreeable combinations of colour : there 
is genei-ally an outer ling of reddish brown, an inner ring of 
pale yellow, and a central fiatch of red ; and the whole is 
prettily veined with dark-coloured carbonate of lime,* Pass- 
ing onwards and upwards in the line of the strata, 1 next 
crossed over a scries of alternate beds -of coarse sandstone and 
stratified clay, and then lost sight of the rock altogether, in 
a wide waste of shingle and boulder-stones, roating on a dark 
blue argillaceous diluviiun, sometimes empl<|pd in that part 
of the counhy, from its tenacious and impermeable character, 
for lining ponds and dams, and as mortar for the foundations 

• A eonorotionaty limestone of the Old Red system in EngUnd, vafle- 
gated with purple and |reen, was at one time wrought as a marble.—** Bi- 

lurian System,” part i., p. 176 , 
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of low>lyizig houses exposed in Vet weather to the sudden 
of water* The numerous boulders of this trac^ have their 
story to tell, and it is a curious one. The Southern Sutor, 
with its multitudinous fragments of gneiss tom from its sides 
by the sea, or loosened by the action of fmsts and storms, and 
rolled down its pi^pices, i.s only a few huuilred yards away. 
Its base, where these lie thickest, has Ix^en swept by tempests, 
chiefly fr*oni the east, for thousands and thoustuids of yc:u'8 ; 
and the direct effect of these tempests, regarded os trans}K)rt< 
ing agents, would have been to strew this stony tnvet with 
those deUiched ih\gments. The same billow that sends its 
long roll from the Gorman Ocean to sweep the base of the 
Suior, and to leap up agiiiiist its precipices to the height of 
eighty and a luiudreil feet, breaks in foam, only a minute 
after, over this stony tract ; w'hioh Ims, in consixpience, its 
sprinkling of frtigmeuts of ^leiss tranaporUHl by an agency so 
obvious. But for every one such fragment wliich it bears, 
we And at least ten boulders that have been borne for forty 
and fifty miles in the opposite direction from the interior of 
the coifntiy, — a direction in which no transporting agency 
now exists. The tempc.sts of thousands of yeai's have convey- 
ed for but a fevr hundred yards not more than a tithe of tlie 
materials of this tract : nine-tentlis of the whole liavo been 
conveyed by an older agency over spaces of forty and fifty 
miles. How immensely more powerful, then, or how im- 
mensely protracted in its operation, must that older agency 
have been ! 

I passed ouwards, and reached a little bay, or rather an- 
gular indentati^ of the coast, in the neighbourhood of the 
town* It was%d bare by .the tide this morning far beyond 
its outer opening ; and the huge table-like boulder which oo 
gppies nearly its centre, and to which, in a former chapter, I 
have had occasion to refer, h&ld but a middle place between 
the still darkened flood-line that ran high along the beach, and 
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the brown line of ebb that bnstled fer below with forests of 
the rough-stemmed tangle. This little bay or inflection of 
tlie coast serves as a sort of natural wear in detaining floating 
drift-weed, and is ofeen found piled, after violent storms from 
the east^ with accurxiulations, many yards in extent^ and seve- 
ral feet in depth, of kelp and tangle, mixed with zoophytes 
and moUusca, and the remains of tish killed among the shal- 
lows by the tempest Early in the last century, a large body 
nf herrings, pui-sued by w hales aiid porpoises, were stranded 
ill it, to the amount of several lamdretl liarrels ; and it is said 
that salt and cask failed the packei-s when but companitively 
a small portion of the shoal \vci'e cured, and that by much the 
greater part of them were can ied aw’ay by the neighbouring 
farmei^s for manure. Ever since the fonnation of the present 
coast-line, this uatiiml w-car has been arresting, tide after tide, 
its heaps of organic matter, but the cii*cumstances favourable 
to their preservation have been w'aiiting : they ferment and 
decay wdien driven liigh on the beach ; and the next spnng- 
tidc, accompanied by a gale from the w’cst, sweeps every ves- 
tige of them aw'ay ; and so, after the lapse of many centuries, 
we find no other organisms among the loiinded pebbles tliat 
form the beach of this little bay, than merely a few broken 
shells, and occasionally a mouldering fish-bone. Thas very 
barren formations may belong to periods singularly rich in 
organic existences. When what is now the little bay was the 
bottom of a pi-ofound ocean, and far from any shore, the cir- 
cumstances for the preservation of its organisms must have 
been much more favourable. In no locality in the Old Red 
Sandstone with which I am acquainted have s^ch beautifully- 
preserved fossils been found. But I anticipate. 

In the middle of the little bay, and throughout the greater 
part of its area, I found the rock exposed, — a ciivumstance* 
which I had marked many yearn before when a mere boy, 
without afterwards recurring to it as one of interest But I 

I 
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hatl DOW lonmotl to look at rocks with nnntlior r, : nn<l tlio 
thought which tiiNt siiggcstctl itself to me n'ganlii ' tlH‘ ro« k 
of the little bay was, that I had fomal the especial iihjcct of 
my search, — the J/uus. The appearances are in soiin* re-*pccts 
not ilissimilar. The Lias of the noith of Scotland is ri‘piv- 
aented in some localitu^ by tlark-coloiu\‘<l unctuous clays, in 
others by grayish black sandstones that look like indurated 
mnd, and in others by beds of black fissile shale, alternating 
with bands of coarse inipure limestone, and stnddctl between 
the bands with limestone n<Hlulos of richer quality and finer 
grain. The njck laid bare in the little bay is a stmtified 
clay, of a giuy colour tingtxl with olive, and oceuiring in beds 
separated by indiirate<l bands of gniy nuoact‘on« windstone. 
They also abound in calcarcMuis nodules. The dip r.f the 
stnita, too, is very difTert'ut from that of the W(h which lean 
against the gneiss of the Sutor. Instead of an luigh* «>f 
eighty, it pr*wents nu angle of less tlhiii eight T\h* rocks rd* 
the little bay inu>i have lain beyond llitMlisturbing ujdilting 
influence of the gninitic wedge. thickly an? the ihmIuIos 
spread over the surface of some of the b<‘ds, that tljey remind’ 
©d me of floats of broken ice on tlie windwartl side of :i lake 
after a few flay?i’ thaw, when the edges of the fntginents are 
smoothed and rounde<l, and they press upon one another, fo 
as to cover, except in the angidar interstices, tlie entire sur- 
face. 

1 set myself carefully to examine. The first nodule T hiitl 
open contained a bitiiminouH-looking miu^s, in which I could 
trace a few pointed bones and a few minute scales, Tlie next 
abounded in rhomboidal and finely-enauti^lled scales, of much 
larger size and more distinct character. T wrought on witli 
ihe eagerness of a discoverer entering for the first time in a 
terra incognita of wonders. Almost every fragment of clay, 
every splinter of sandstone, every limestone nodule, contained 
its organism, — scales, spines, plates, bones,* entire fish ; but not 
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one organism of the Lias could I find, — no ammonites, no be- 
liMunites, no gi 7 p]iit<‘s, no shells of any kind : the vegetable 
imprcssiDns were eutii’cly different ; and not a single scale, 
]>late, nr iclithyodonilite could I identify with those of the 
newer formation. I had got into a difierent world, and among 
the remains of a dififerent creation ; but where was its. proper 
place in the scale 1 The beds of the little bay are encircled 
by thick accumulations of diluvium and debris^ nor could I 
trace their relation to a single known rock. I was struck, 
os I well might, by the utter strangeness of the forms, — ^the 
oar-likc arms of the PierichthySy and its tortoise-like plates, — 
the stmnge buckler-lo<jking head of the CoccostetiSy which, I 
suppose<l, might possibly bo the back of a small toiloise, 
tlmugli the tiiberch's reminded me rather of the skin of the 
shark, — the polished scales and plates of the Osteolephy — ^the 
spilled and sciiled fins of the CheiracanthuSy — ^above all, the 
onij-hided t4dl of at l(»ast eight out of the ten or twelve varie- 
ties of fossil which the deposit contained All together ex- 
cited and .ostoiiislicd me. But some time elapsed ere I learn- 
ed to distinguish the nicer generic dificrences of the various 
organisms t)f tlic formation. I found fragments of the Pter- 
ichthys on this morning ; but I date its discovery in relation 
to tlie mind of the discoverer more than a twelvemonth 
later.* I confounded the CkeiracanthvSy too, with its singlo- 
spiued membranous dorsal, with JJiplacanthns ichthyoUte, fur- 

* I find, l>y Bomo notoa which had escaped my^ notice when drawing up 
for the }Vitueas newspaper the skctcheB now expanding into a volume, that 
in the year I S3 4 1 furuishod the collection of a geological friend, the Rev. 
John Swanson, minister of the parish of Smnll Isles, in the Outer Hebrides, 
with a woll-niarkod specimen of the Pteriefttht/s MUferu The circum- 
stanoe pleasingly reminds mo of the first of all my early acquaintance, 
who learned to doom the time not idly squandered that was spent in ex- 
ploring the W'oiidcrs of bygone creations. Does the minister of Small Isles 
still romembor the boy who led him in quest of petrifactions, — himself a 
little boy at the time, — to a deep solitary oave on the Moray Frith, where 
they lingered amidst stalactites and mosses till the wild sea had surrounded 
them unmarked, barring all obonoo of retreat, and the dork night came on? 
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iiished with two such doi-sils; and tho witli tlio 

Osteolepk, Still, Iiowcvit, I siiw enough to oxh laratt* and 
inteiwst j I wrought on till the advaiieing tide cn'uo spla.di- 
ing over the iu)d\des and a powerful August sun had ri^m 
towards the luiddk- sky: and, were I to sum up all luy hap- 
pier houi-s, tlie hour would not be forgotten in whit h I s;it 
dowui on a n>iiiided boulder of gninite by tho edge of the sea, 
when the last bed was covered, and spread out on the beach 
before me tho s{H)ils of the morning. 
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CHAPTER VII. 


Fui*thor DiscoTeriefl of ilio Icbtbyolito Bods— Found in one Locality under 
a Bed of Peat— Ducovered in another beneath an ancient Bnzying* 
Ground— In a Third underlying the lias Formation— In a Fourth over- 
topped by a still Older Sandstone Deposit— Difficulties in ascertaining 
the True Place of a Kewly-Discovered Foimation— Caution against draw- 
ing too hasty Inferences from the mere Circumstance of Neighbourhood 
— The Writer receives his First Assistanoo from without — Geological 
Appendix*’ of the Messrs Anderson of Invorness— Further Assistance 
from the Besearcbes of Agassis — Suggestions— Dr John Kaloolmson- 
His Extensive Discoveries in Moray— Ho submits to Agassis a Drawing 
of tbo Pierichihift-^VhQO .of the Icbtbyolites in the S<ule at length de- 
termined— Two Distinct Platforms of ^ing in the Formation to which 
they belong. 

T coMMEhX'ED fomiing a small collection, and set myself care- 
fully to examine the neighbouring rocks for organisms of a 
similar character. The eye becomes practised in such re- 
soai-clies, and my laboure u’ore soon repaid Diiectly above 
the little bay there is a corn-field, and beyond the field a 
wood of forest-trees ; and in this wood, in the bottom of a 
water-coui-so scooped out of the rock thixiugh a bed of peat, 
I found the stratified clay charged with scales. A few 
liundi'cd yards further to the west there is a deep wooded 
ravine cut through a thick bed of red diluvial clay. The top 
of the bank directly above is occupied by the niius of an 
ancient chapel and a gi-oup of moss-groum tomb-stones ; and 
in tlie gorge of this ravine, underlying the little field of 
graves by about sixty feet, I discovered a still more ancient 
place of sepulture, — that of the ichthyolitea I explored 
every bank, rock, and ravine on the northeni or Cromarty 
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Frith side of the tongue of land, witli its teiTuiual point of 
granitic gneiss, to which I have had such frequent ocetusiou 
to refer, and tlicn turned to explore the southern or JMoniv 
Frith side in the rectilinear line of tlic gi’cat valhy. And 
hen' I was successful on a larger scale* A range of lofty 
sandstone clitls, hollowetl hy the soji, t'xtends fi»r a distance 
of about two miles between two of tlie gninitic kiiolw nr 
wedges of the line, — the irkmthern Sutor and the Hill <»! 
Eilthie, And along well iiigli tlie entire lengtli t)f this range 
of dirts I succeeded in tmeing a oontiimous iehthyt»lit(? bed, 
abounding in remains, and lying far below the Lias, and un- 
couformablc to it I pin*sued my re.searelies ; and in the sides 
of a romantic precipitous <lell, through which th(» Ihirn of 
Eathie, — a small mos.-^y stn»am, — finds its way to the j\bu-ay 
Frith, I again discovonnl the fisli-heds running deep into the 
intCTi(»r of the country, with imniens(‘ strata of a pah* yellow 
sandstone resting over them, and slmta of a ohocolate-rtMl 
lying Ixduw. But their place in the g(‘ological scale was still 
to tix. 

I had seen enough to convince me that they form a con- 
tinuous convex .stnituTii in the Siindstone spear-shaft, covi*ring 
it saddlewise fnnn side to sidij, dipping towanls tin* IMoray 
Frith on tlio south, and to the Ocmuuly Frith f»n the north, 
— that as, in a hona spear-shaft, tlie annual ring or layer 
of growth of one season is overlaid hy tin; annual rings of 
succeeding seasons, and underlaid hy those of i)receding ones, 
so this huge seini-iniig of fossiliferous clays and liiiujstoncs 
liad its underlying serni-iing of red sandstone, and its over- 
lying semi-rings of yellow, of red, and gmy siindstune. I 
knew, besides, that beneath there was a s(jiiii-ring of con- 
glomerate, the base of the system ; and that for more than 
two hundred yards upwards ring followed ring in unbroken 
succession, — ^now sandstone, now limestone, now stmtirted 
clay. But, though intimately acquainted with these lower 
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rocks for more than a hundred fathoms from their base up- 
wards, and with the ui)pcr rocks on 1x)th sides the ichthyolite 
bed for more tliaii a hundred foct> tliere was an intervening 
liiaiiis whose extent at this period I found it impossible to 
ascei-tain. And lienee my iineei’tainty regarding the place of 
the iehthyolites, seeing that whole formations might be re- 
})resente(l by the occurring gajit On the Moray Frith side, 
where the sections are of huge extent, a doubtful repeat in 
the strata at one i>oint of junction, and an abrupt fault at 
another, cuts olf the upper scries of beds, to wdiieh the or- 
gijiiisins belong, from tlie lower, to which the gi’oat conglome- 
mte l^elongs. On tlie Cromarty Frith side the sections arc 
mere detaclied jiatelies, ob.-cured at every point by diluvium 
and soil ; and, in conceiving f>f tlie whole as a continuous 
line, with the Lias atoj» and the gninite group at the bottom, 
I w’as evt*r reminded of those coast-lincs of the ancient geo- 
graphers w'licro a few uiicertuin dots, a few deeper markings, 
and hei*e and there a blank space or two, show'ed the blended 
results of conjecture and discovery, — ^whether they give a 
Terra incognita Australia to the one hemisphere, or a North- 
Western i>a.^sage to the other. The iehthyolites in a section 
so doubtful might be regardoil as belonging to either the Old 
or the New Red Saudstoue, — to the Coal Mcasui*es or to the 
Slonutain Limestone, All was uncertainty. 

One remark in the passing : it may teach the young geo- 
logist to be cautious in his inferences, and illustrate, besides, 
thdse gaps which oceur in tlie geological scale, I had now 
discovered the ichthyolite beds hi five different localities. In 
one of these, — the first discoveivd, — tliei’e is no overlying 
stmtum ; — it seems as if the bed formed the top of the fonna- 
tioii : in all the othcra the overlying stratum is diffemit, and 
belongs to distant and wddely-separated ages. We cut in one 
locality through a peat-moss^ — ^part of the ruins, perhaps, of 
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one of tliose forcc^tii 'svlncli coveVoil, about tlio coiiMUt ucoinout 
of tlie Christian eni, well nigh the entire surface "f tin* islami, 
and sheltered the naked inhahilants from the legions of Agn- 
oola. We tiiul, as we dig, huge trunks of oak and elm, e<»ii('s 
of the Seoteh fir, handAd> of luael-uuts, and hones and horns 
of the roe and the red-deer. The writer, when a hoy, found 
among the peat the horn of a gigantic elk. And, ft»rming 
the bottom of this recent deposit^ and conjornmhly to 
ve find the iehthyolite beds, with their antique organisms. 
The remains of oak and elm leaves, and of the s]>ikes and 
cones of the pine, lie within half a foot of the remains of 
the Co€costeu8 and Diploptents, Wo dig in another locality 
through an ancient huiy ing-ground ; we pass thmugh a su- 
perior stratum of skulls and coffins, and an inferior stratum 
liamu in organic mattem ; and then arrive at the stmtified 
clays, with their ichthyolites. In a thinl locality wo find 
these ill juncti<jii with the Lias, and underlying its lignites, 
ammonites, and lHlenmit<’s, jtLst as we sec tliem underlying, 
in the otlcr two, tlie huimiti Iwuies and tin* ptsit-moss. And 
in yet a fourth locality we see the*iii ovei-laid hy inini»*nse 
arenaceous hed«, that iK-long e\ideTitly, us their niiiiendogieal 
character testifies, to either the Old or the New lied Sand- 
Btouo. The cou^'ulsious and revolutions of the gcologiail 
world, like those of the political, are sad confounders of place 
and station, and bring into close fellowship tho high and the 
low ; nor is it safe in either world, — such liave been the ef- 
fects of the disturbing agencies, — to judge of ancient relations 
by existing neighbourhoods, Or of on’ginal situations by pre- 
sent places of occupancy. “Misery,” saysJShakspeare, “makes 
strange bedfellows.” Tlie changes and convulsions of the 
geological world have made strange bedfellows too. I have 
seen fossils of the Upper Lias and of the Lower Old Red 
Sandstone washed together by the same wave, out of what 
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mi;'!!! !)C tiiken, on a cursory sui-vey, for the same bed, and 
tlion mingled witli recent .hIjcIIh, aJgrp, branches of trees, and 
Irngm. nts of wi’ccks, on the same sea beach. 

Vem-s passed, and in I received my first assistance 
from without, througli the kindness of the Messrs Anderson 
of Inverness, who this year ]iublished their “Guide to the 
Highlands and Islands of Scotland,” a Avork Avhich has never 
received hal^ its d\ie measure of praise. It contains, in a 
condensed and very plea.sing form, the accumulated glean- 
ings, for half a lifetime, of two very superior men, Skilled in 
science^ and of highly cultivated taste and literary ability ; 
whose remarks, from their intimate acquaintance with every 
foot-breadth of country Avhich they describe, invariably ex- 
liibit that freshness of actual observation, recorded on the 
spot, which Gray regarded as “ worth whole cart-loads of re- 
collection.” But what chiefly interested me in their work 
was its Dissertative Appendices, — admimble digests of the 
Natural Histoiy, Antiquities, and Geology of the country. 
The Appendix devoteil to GcologA", consisting of fifty closely- 
printed pages, — abridged in part from the liigliest geological 
authorities, and in much gi-eater pai-t the result of original 
obseiwat ion, —contains beyond comparison the completest de- 
scription of the rocks, fossils, and formations of the Northern 
and AVesteru Highlands which has yet been given to the 
public in a popular form. I penised it with intense interest, 
and learned from it, for the time, of the fossil fishes of 
Caithness and Gami'ie; 

There was almost nothing known at the period, of the 
oryctology of the older rocks, — little, indeed, of tliat of the 
Old Red Sandstone, in its proper character as such ; and, 
with no such guiding clue as has since been furnished by 
Agassiz, and the later rescarohes of Mr Murchison, the wi'iter 
of the Appendix had recorded as his ultimate conclusion, thjt 
*Hhe middle schistose system of Caithness, containing the 
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fossil iKh, was ir» t(ooUiu:ical cliunict v and 

tioii botwoiai tlio OM and Now Uod Samlstono 
The iohthyolitos oflraiurie he. ilesonhed as ifst‘inl'lin;X those 
of Caithness; and I at onoo roci^^nisiHl, in his ininute ilt‘- 
scriptious of hotli, the fossil tish of Cromarty. The miiuim*- 
logical accompaniments, too^ seemiHl nearly tlie same. In 
Caithness the animal remains are mixed up in some placcLs 
with a black bitnmiinnis nuittor like tar. 1 liad but lately 
found among the beds of the little Imy a mass of soft adhe- 
sive bitumen, henuotieally si'aletl up in the limestoiu^ which, 
w'hen broken ojM'ii, reminde<l im*, fivm the j»owerful odour it 
cast, and which tillcxl f<.»r .‘several <hiy.s the rcKnii in which 1 
kept it, of the old (iaullsh mummy of which \v<^ find so mi- 
nute acv'uuut in the ‘^Natiiml History'* of (loldsmith. Tin* 
nodules which oindosed tlie orir.inismH at (himrie wen* tie- 
scrihcil JUS of a sub-<»nstaliin»*, radiating, fibrous structuie, S*» 
much was tliis the e;i>e witli some of the tiodules at Cri)- 
marty, that th«*v li.id ofb’H reinimled mt‘, when fn*>|ily broken, 
though t‘oinpo-i’.l 4*f juire car)>oiiat(* of lime, of masst‘s of as- 
bestos. Tht' scab's and bouon r>f tla* ( *aitbncss ii lif byolit^^H 
weitf blended, it was *iUtted, with l!u; fragments (»f a “sup- 
|>o.scd Uirtoi.se lUiiirly allied to trioii) x one of tin? iehthyo- 
lites, a JJIj/teniMy wm cliaraeU'rizr^l by large seahvs, a doubh* 
doi*iifd, ami a one-sided tail ; the entire lack of shells and 
zoophytes wa.-^ remarked, and the abundance of obscure ve- 
g(?table impre-ssioiifi. In short, had the accmnplislied writer 
of the Ai>Y>endix lieeii briefly describing the beds of Cioinarty, 
instead of those of Caithmsw and Gamrie, he might have ctu- 
ployed the same tenns, and remarked thl» same circumstances, 
— ^the striated nodules, the ininorcil tar, the vegetable im- 
pressions, the absence of shells and zoophytas, the large-scaled 
and double-finned ichthyolites, the peculiarities of which ap- 
plied eqiudly to the Dipterus and Diplopterua^ and the sup- 
posed tortoise, in which I once recognised the Coccoateus, 
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It v. is much to know that this doubtful fonnation, — for 
aa dnuhtfiil 1 atill regarded it, — wtis of such con •^idcrahle ex- 
tent, and occiUtcmI in localities so widely 8 epa''ate<L I cor- 
re.s^HJuded with the couitcous author of the Appendix, at that 
time General Secretary to the Nortlieni Institution for the 
Promotion of Science and Literature, and Conservator of its 
Museum ; and, forwarding to him duplicates of some of my 
lictter specimens, had, as I had anticipated, the generic iden- 
tity of the Cromarty ichthyolites with those of Caithness and 
Gumric fully confiniieA 

My narrative is, I am afraid, l>ecoming tedious; but it 
emlKxlies somewhat more than the more history of a sort of 
Robinson Cmsoe in geology, cut off fur years from all intor- 
0001*80 with Ills kind : it oonbiins also the history of a for- 
mation in its connection with science ; and the reader will, I 
trust, hear with me for a few jiages more. Seasons passed ; 
mid I rocrivf^l new light from the researches of Agassiz, 
which, if it did not show me my way more clearly, rendered 
it at least more interesting, by associating with it one of 
those wonderful truths, stranger than fictions, which rise 
ever and anon fi*om the profuuudcr depths of science, and 
whose use, in their connection with the human intellect, 
seems to he to stimulate the faculties. I have often had oc- 
casion to refer to the one-sided condition of tail characteristic 
of the ichthyolites of tlie Old Red Saudstoiic, It cliarac- 
terizes, ssiys Agassiz, the fishes of all the more ancient forma- 
tions. At one certain point in the descending scale Nature 
entirely alters her plan in tlie formation of the tail. All the 
ichthyolites above are fashioned after one particular type ; all 
below, after another and different type. The bibliogi'aphcr 
can tell at what periods in the history of lettera one cliarac- 
ter ceased to bo employed and another came into usa Black 
letter, for instance, in our own countiy, w’as scarce ever re- 
sorted to for purposes of general literature after the reign of 
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James YI. ; and in manuscript writ in*' tlic Ttalis’i liaml ii- 
perseded the i^axoii about tlic closr cd* tlio st*vcnt'‘«‘iitli ct n- 
tiuy. Now, is it not truly wojidiu-t’ul to tlml an aiialo^ruus 
change of chanieter in that pirtoriul histiuy of the past whirh 
geologj- furnishes ? Fnnn the lii’st appennince of vei tebnihnl 
existences to the middle beds of the New Red Sandstone, — a 
space including the Upper Ludlow rocks, the Old Red Sand- 
stone in all its membei's, the Mountain lamcstone, with the 
Limestone of Rurdie House, the Coal Measures, tlie I/>wer 
New Rc<l, and the Magnesian Limestone, — wo find only the 
ancient or unequal ly-ltd>od typo of tail. In all the formsw 
tions above, including the Litus, the Oolite, hliddle, Upper, 
and Lower, the Wwdden, tlic Green-Sand, the Chalk, and 
the Tertiary, we find only tlie e^pially-lobeil condition of tail. 
And it is more than prohabh*, that witli the tail the chanu - 
ter of the .skeleton ixho changed ; that tlu‘ more ancient, ty]»e 
clmracterked through on t^thc* seiui-<‘artihiginou'; order of fi>h<*s, 
jivit as the more moih rn ty]»e t*}iar:K*teriz(‘s tht‘ oss(‘ous fishes ; 
and that the n[»jKT line of the Magnesian Lirnrstom* marks 
the |H‘riod at which ihe ordor bwame e.xtinet (Smjeetiire 
lacks fooling In grappling with a rt»volution so exte n.^iive and 
so wonderful. Shall I venture to throw out a suggestion (Ui 
the wibject, in conncctifui with another s\iggesti()n wliieli has 
emanated fixim one of tluj first of living geologists ? Fish, (»f 
all existing creatures, seem the most capable of sustaining 
high degi*ee8 of heat, and are to bo found in some of the hot 
springs of Continental Europe, where it i.s supposed scarce 
any other animal could live. Now, all the fish of the an- 
cient type are thickly covered by a defcnMve armour of bone, 
arranged in plat^, bars, or scales, or all the three modes to- 
gether, as in the Osteolepis and one half its contemporaries. 
The one-sided tail is united invariably to a strong .ciiirosa 
And it has been suggested by Br Biickland that this strong 
cuirass may have formed a sort of defence against the inju- 
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ridus c lTi’Oifi of a liiglily-ljoatod summruling rao<llum. Tlic 
tioii i.s, of coui*s<*, imv<‘!y on ljyi*othesii5. It may 
bo in dhoct coiinoctioii witJi it, however, that in the 

Lins, — the hi'st riolily fo.^siliferou.s fonnaliou overlying that 
ill 'VS hich the change oceuned, — wo liiid, for the time in 
the geohjgical system, decided indications of a change of sea- 
sons. The footprints of winter are left impressed amid the 
lignites of the Cromarty Lias. In a specimen now before 
me, the alternations of summer-heat and winter-cold are as 
distinctly marked in the annual nngs as in the pmes or 
larches of our pre.scnt forests ; whcitjas, in the earlier lignites, 
contemporaiy with ichthyoliU-s of the ancient type, either no 
annual rings appear, or the markings, if present, are both faint 
and unfrequent Just era winter began to take its 2 >ioce among 
the seasons, the fish fitted for living in a highly heated 7nedinm 
disappeared : they w'ure created to inlaibit a thermal ocean, 
and died away as it coohxl down. Fh^ of a similar type may 
now' inhabit the sejas of Venus, or even of Jupiter, which, 
fi-oin its euonnous bulk, tliough greatly more distant from the 
sun than our earth, may still pow'cifully retain the internal 
heat 

I still pureued my inquiries, and received a valuable auxi- 
liary in a gentleman from India, Dr John Malcolmson of 
Madms , — a member of the London Geological Society, and 
a mail of high scientific attainments and gi’cat general know- 
ledge. Above all, I found him to possess in a remarkable 
degree that spirit of research, almost amounting to a passion, 
which invariably marks the superior man. He had spent 
month after mouth under the burning sun of India, amid 
fever-marshes and tiger-jungles, acquainting Himself with the 
unexploml geological field wdiich only a few j^ears ago that 
vast continent presented, and in collecting fossils liitlierto 
unnamed and undescribed He had pursued his inquiiues, 
too, along the coasts of the Bed Sea, and fer upw-ards on the 
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banks of the Nile ; aiiil m»w, in for a ti in* i ^ his 

own country, ho had i>rou;^ht with him the ih*t<'n lination nf 
knowiiiLj it tlion*iii;hly ns n in.iu of and : ‘(••nliiL'i- 1. 

I bad the }»leaMiri' *>1’ tir-»t introduiin;^ liim to t! e ii’lnluo- 
litos of the Lover ( Md Ih il S.onbnuie, by hrlnp i'i him t“ 
my lil*st-dise«i\ ered hed, and la\ini^ hy a ) iow of tlj ’ 

liamiiior, a heaiitirnl (A','* lie \\n^ luin li int- rf ^ed ni 

the fossils »»f my little eolKs'tion, ninl at omn» det M« d t!i:«t 
the formation ^vhiell eoiiLidi<*d tin‘m eordtl hi‘ no ^pr^^enta- 
tive of the ^ieasnr-s. Aio-r o\er the vaiioiis 

lM?ds on Kitli sides the ree( ilinoar rid ^e, and ae»|uaint liini 
i>elf thorouirhly with their ovilfanisins, hi* set out exj.hne 
the Lower Old Red Sandsbau's of 'loray and Ranti* hitlu^rto 
deemed peculiarly liaiTen, hut wIiohi* chameU^r Um much nv. 
aembled that of the rocks which he had now aaoeitained to 
be so abundant in fosailis not to be held wortliy of further 
examination, Ht' exjjijpred the Imnks of the S[>cy, and found 
the ichthyolitc beds extensively devidr»j)ed at Hippie, in the 
middle of an Old R<*d SiirMlsbuic district He pursmxl his 
researchers, and traci-d the fonnation, jii ravimMainl the IhhIs 
of rivers, from the village of Buckie to ntnr the field of Cul- 
loden. He found it cx|Mjsed in the banks of the Nairn, in the 
ravines al>ov(‘ Cawdor CAistle, on the **ast4’m sidt^ of the bill 
of Bait, at Clunc, l,.c:tberibar, and in the valo of Rothes, and 
in eveiy instance low' in the Old Red Siiiidstone. The for- 
mation hithei’to dec*med so ban'<'n in remains proved one of 
the richest of them all, if not in tnbes and familieH, at least 
in individual fossils ; and the reader may foim si»me idea of 
the extent to ^diicli it already bi*eii provcHl fossilif(*rou8, 
when he remembers tliat the tnvet iinrludes, as its extremes, 
Orkney, Oamrie, and the north-eastern gorge of the great 
Caledonian Valley. The ichthyolites wei’e discoverisi in the 
latter locality in the quarry of Inches, three miles beyond 
InvemesB, by Mr Geoige Andcinon, the gentleman to whose 
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fjeologi* al attninmoTits, as one of the authors of the “ Guide 
Book,” I have lately had occasion to refer. 

I had now corntspoiided for several years with a little circle 
of ^jfeo!‘*irioal friemls, and luul descrihe<l in my letters, and in 
sonir it ^taneeH had attt to fi;^ire in them, my iiewdy- 

fimnd fossils. A letter wliieh I wrote early in 1838 to Dr 
^laleohoson, then, at Paris, and which contained a rude draw- 
ing of the rit^nchtJoffi^ w'as suhniitted to Agassiz, and the 
curiosity of the naturalist was excited. lie examined the 
tigure nither, however, with intei*<*st tlian surprise, and read 
tin? accom]>anying description, n«)t in tlie least inclined to 
scepticism hy the singulaiity of its details. He had looked 
on too many w’oiiders of a similar caste to believe that he ha<l 
exhausted them, or to evince any astonishment that geology 
should be found to contain one wonder mores. Some months 
after, I sent a restored drawing of the same fossil to the Elgin 
Scientific Society. I must state, lioirever, that the restora- 
tion was by no means complete. The paddle-like arms were 
placed further below the shouldera than in any actual spe- 
cies ; and I ha<l transferred by mistake to the creature’s upper 
side .some of the plates of the Coccostem, Still the type was 
unequivocally that of the Pterichthys, The secretary of the 
society, Mr Patrick Dufl', an excellent geologist^ to whose lar 
Ixiui's in an upper flirniation of the Old Red Sandstone I 
shall afterwanls have occm.ion to refer, questioned, as he well 
might, some of the ilcbills of the figui'e, and we corresponded 
for sevenil weeks regarding it, somewdiat in the style of Jo- 
nathan Oldbuck ami liis antiquarian friend, who succeeded 
in settling tlie meaning of two whole words in an antique 
inscription in little more than two years. Most of the other 
members looked upon the entire drawing, — so strange did the 
appearance seem, — os embodying a fiction of the same class 
with those embodied in the pictured griflfins and unicorns of 
mytkologic zoology \ and, in amusing themselves with it, they 
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bestowed on its bebiiled and bepaddled figure, as if in anti- 
cipation of Agassiz, the name of the draughtsman. Not many 
months after, however, a bona fide rterkJUhys turned up iii 
one of the newly-discovered beds of Nairnshire, and the As- 
sociation ceased to joke, and began to wonder. I merely 
mention the circumstance in connection with a right chal- 
lenged, at the late meeting of the British Association at Glas- 
gow, by a gentleman of Elgin, to be regarded as the original 
discoverer of the Ptcrichthys. I am of course fai* from suj)- 
posing that the discovery was not actually made, but regi-et 
that it should have been kept so close a secret at a time when 
it might liave stood the other discoverer of the creature in 
such stead. 

The exact place of the ichihyolites in the system was still 
to fix. I was spemliug a day, early in the winter of 
among the nearly verticiil strata that lean against the North- 
ern Sutor. The section there presented is washi'd by the tide 
for nearly three hundred yards from where it rests on tlie 
granitic gneiss ; and each succee^ling stratum in the ascend- 
ing order may be as clearly traced as the alternate white and 
black squares in a marble pavement. Fit'st there is a bc<l of 
conglomerate two hundi-cd and fifteen fet‘t in thickness, “ iden- 
tical in structure,” says Professor 8t:dg\vick and Mr Murchi- 
son, “ with the older red conglomeratds of Cumberland and 
the Island of Arran,”* and which cannot be distinguished 
from those conglomerates which lean against the; sou them 
flank of the Grampians, and on which Dunottar Castle is 
built. Immediately above the conglomerate there is a hun- 
dred and fourteen feet more of coarse sandstoj^e stiata, of a 

* BifTerent in one respect from tho conglomerates of Arran. It abounds 
in rolled fragments of gmnito, whereas in those of Arran there occur no 
pebbles of this rock. Arran bas now its granite in abundance ; the north- 
ern locality has none ; though, when the conglomerates of the Lower Old 
Red Sandstone were in the course of forming, the case was exactly the 
revorse. 
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reddish-yellow hue, with occasionally a few pebbles enclosed, 
and then twenty-seven feet additional of limestone and stra- 
tified clay. There are no breaks, no £iults, no thinning out 
of stmta : all the beds lie parallel, showing regidar deposi- 
tion. I had x^assed over the section twenty times before, and 
had carefully citamined the limestone and the clay, but in 
vain. On this occasion, however, I was more fortunate. I 
stmek off a fragment. It contained a vegetable impression 
of the sjiinc cliaractcr wdth those of the ichthyolite beds ; and 
ailor an hour’s diligent search, I had turned from out tlie 
lu^ait of the stratum plates and scales enough to fill a shelf 
in a museum ; — the helmet-like snout of an O^teolepiSy the 
thorii-like spine of a Oveirdcanilai^^ and a CoccoateuSy well 
nigh cntii'c. I had at length, after a seareli of nearly ten 
years, found the tiTie place of the ichthyolite bed. The reader 
may smile, but I hope the smile wull be a good-natured one : 
a simide j>lcasure may be not the less sincere on account of 
its simi^licity ; and ‘‘ little things are great to little men.** I 
passed over the strata, and found there could be no mistake. 
TJie jdace of the fossil fish in the scale is little more than a 
hundred yards above the toji, and not much more than a 
huiicb'ed yaids alx)ve the ba>sc, of the great conglomei'ate ; 
and there lie over it in this section about five hundred feet 
of soft ai’onaceous stone, with here and there alternating bands 
of limestone and beds of clay studded wuth nodule^ — all be- 
longing to the inferior Old lied l^ndstone. 

The enormous depth of the Old Red Sandstone of England 
has been divided by^Mr Murchison into three membei's or for- 
mations, — the division adoj)ted in his “ Elements** by Mr 
Lyell, as quoted in an early chapter. These are, the low’est 
or Tilestone formation, the middle or Comstone formation, 
and tlie ux)permo8t or Quartzose<!onglomerate formatioa The 
terms are derived frem mineralogical character, and therefore 
inadequate as designations, like that of the Old Red Sand- 

K 



146 THE OLD Ilta>jpANT)STONTG. 

stone itself, which in many of its deposits is not saodfaUmr, 
and is not red. But they scrv'e to exj)i*oss ^vat nut and di- 
visions. Now the Tilestone meniher of England re]>resents, 
as I have ali-eady statoil, this LoAver Old Bed }:<aiulstone for- 
mation of Scotland ; but its extent of vortical develojnnent, 
comjwired wdth that of the other two membei-s of tlie system, 
is strikingly different in the two countries. The Tilostoncs 
compose the least of the three divisiomr in England ; — their 
representative in Scotland forms by much the greatest of the 
three ; and there seesss to be zoological as well as lithologi- 
cal evidence that its formation must have occupied no brief 
period. The samie getiera occur in i($ vpper as in its Imcer 
hedsy hut the it])€cie8 appear to he different, I shall briefly 
state the ev idence of tliis vciy curious fact 

The seat of Sii* William Gordon Gumming of Altyi*e is in 
the neighbourhood of one of the Morayshire deposits disco- 
vered by Mr Malcolmson ; and for the gi'eater part of tlic 
last tAvo yeai*s Liuly Gonloii Gumming has been engagi'd in 
making a collection of its peculiar fossils, Ai liich alrcaily fills 
an entire apartment The object of her ladyship was the il- 
lustration of the geolog)' of the district, and all she sought in 
it on her own behalf was congenial employment ftir a singu- 
larly elegant and comprehensi\'c mind. But her hiboui-s have 
rendered her a benefactor to science. Her collection w'as 
visited, shortly after the late meeting of the British Associa- 
tion in Gla.sgow, by Agassi^nd Dr Buckland ; and great was 
the surprise and delight of the philosophers to find that the 
whole was new to geology. All the species, amounting to 
eleven, and at least one of the genera, that^^f the Glpptolepis, 
were different from any Agassia had ever seen or described 
before, .The deposit so successfully explored by hca: ladyship 
occurs high in the lower formation. Agassiz, shortly after, 
in comparing the collection of Dr Traill (a collection foimed 
at Orkney) with that of the writer (a collection made at Gro- 
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iiirirty), was stnick by the specific identity of the spcciincn^. 
In the instances in which the genera agi’ecd he found tliat the 
species !igi*eod also, though the ichthyolites of both differed 
specifically from the ichthyolite.s of Caithness, which occiu’ 
chiefly in the upper beds of the formation, and from tho.se 
also of Lacly Gumming of Altyre, wliich occur, as I have .said, 
at the top. And in examining into the cause, it waa found 
that the two collections, though furnished by localities more 
than a hundred miles apart^ were yet derived, if I may so ex- 
press myself, from the same low platform, both alike repre- 
senting the fossiliferous base of the system, and both removed 
but by a single stage frnm the great unfossiliferous conglome- 
rate below. Thus there seem to be what may be termed two 
storeys of being in this lower formation, — storeys in which 
the giDupes, though generically identical, ai*e specifically dis- 
similai’.* 

* Since tbiu period, however, several species identical with those of Cro- 
marty have been fuimd in the Morayshire deposits. 
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CHAPTER VIII. 


Upper Formations of the OM Rcil S.an<lKt*'‘iio— Room ouoU'ih ftir each, au I 
ttj spuru — MivMIo or Ooiust<*nc Formation— Tho Cvp/mUnifiU it*. <‘lia 

racteristic Organism— Doscriptiim— The Den of lUlrinhlery i I' iier in the 
FosmIs of this Miihlle Formation than any other Diealily ji t «liM*o\« ivtl 
—Various (Jon temporaries t»f the Cephalaspis — VogetahU* ImpiesMtnis — 
Gigantic Cnintaceau — »SVrrtpAi/n— lohtlmMloiulites— Sketch of the (Im- 
logj' of Forfarshire— Its Older Dejiosits of tlm (Jonistouu Foimation — 
The Quarries of Carmj'lio— Their Vegetable and Animal Keniaitis— The 
Upper Fiirmation — WTdo Extent of the Fuuua and Flora of the Earlier 
Formations— Probable Cause. 

Hitherto I have dwelt almost exclusively on the fossils of 
the Lower Old Bed Sandstone^ and the history of their dis- 
covery ; I shall now ascend to the organisms of its higher 
platforms. Tlie system in Scotland, as in the sister kingdom, 
has its middle and upper groui>es, and these are in no degree 
less curious than the inferior group already described, nor do 
they more resemble the existences of the present time. Does 
the reader remember the illustration of the pyramid employed 
in an early chapter, — its three parallel bars, and the strange 
hieroglyphics of the middle bar? Let him now imagine 
another pyramid, inscribed with tho remaining and later his- 
tory of the system. We read, as before, from the base np- 
wardfs fi^id the broken and half-defaced clmractei's of the 
second erection dascending into the very soil, as in those obe- 
lisks of £!gypt round which the sands of the desert havo been 
accumulating for ages. Hence a hiatus in our history" for 
future excavators to fill ; and it contains many such blanks, 
every unfossiliferous bar in cither pyramid representing a gap 
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in the r< cord. Three distinct formations the group undoubt- 
c‘dly coni aiiis, — p(*rliap.s more ; nor will the fact appear strange 
to thi^ reader who r<.‘mcml>erH how iiiimeroiis the formations 
arc that lie over and under it, and that its vfist dcj)th of ten 
thousand fe(;t equals that of the wdiole secondary system from 
top to bottom. ICight such fonnations as the Oolite, or ten 
such formations as the Chalk, could rest, the one over the 
otlier, in the sjiace occupied by a group so numerous. To the 
evi(h‘iicr of its three distinct formations, w'hich is of a very 
simple cliaracter, I shidl adv<'rt as I go along. 

Th(j eeutml or Cornstono division of the system in Eng- 
land is characterize ‘d thrnighcmt its vast depth by a peculiar 
family of ich thy elites, which occur in none of the other diW- 
sions. T have already had occasion to rofm* to the Cephalaa- 
pls. Four specie.s of this fish liave been discovered in the 
CoiTistonea of Ilercfoix:!, Salop, Worcester, Monmouth, and 
Brecon and as they aro always found,” says Mr Mur- 
chison, in the same division of tiie Old Bod system, they 
have become valuable auxiliaries in enabling the geologist to 
identify its subdivisions through England and Wales, and 
also to institute direct comparisons between the different 
strata of the Old B;ed Sandstone of England and Scotland.^'f* 
The Cephdlaspis is one of the most curious ichthyolites of the 
system. (See Plate X., fig. 1.) Has the reader ever seen a 
sjiddlcr’s cutting-knife, — a tool with a crescent^haped blade, 
and thodiandlo fixed transversely in the centre of its concave 
side ? In general outline the Cepluila^pis resembled this tool, 
— ^the crescent-shaped blade reprcSeutiiig the head, — ^the trans- 
verse handle the body. Wo have but to give the handle an 

* C€p?tala9pi8 Lewitii, C, Uoydii, C. LycUii, and C. rostraius, 

t Tho geniui Cephalaspis ( Agoa.) haa l>e©ii coufoundotl with the Pteraf 
pis(Knor.) Cepfialaspis rostratus is a PUraspit ; and Profossor Huxley 
and Mr Salter doacribo CephalatpU LcwUii and Uoydii as Ptaxapidet, Sir 
P. do Oroy Egerton has determined two new species of Cephafaspis ( C. Sal^ 
weyi and (7. Mv(.rchmni),—PxoQ, Gcol. Soc,, August 1857. 
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angular instead of a roundctl shape, and to pras togetliiT t!ie 
pointed hoins of the crescent till they incline tovarda each 
other, and the convex or sharpened edge is elongated into a 
semi-ellipse cut in the line of its shortest diameter, in onler 
to produce the complete form of the Cephala^s, The head, 
compared with the body, was of great size, comprising fully 
one-thiixl the creatiuxi’s entire length. In the centi*e, ami 
placed closely together, os in many of the flat fishes, were the 
eyes. Some of the specimens show two dorsals, and an anal 
and caudal fin. The thin and angular body presonts a jointed 

appearance, somewhat like that of a lobster or triloltitc. Like* 
the boilies of most of the ichthyolites of the sysU*m, it was 
covered witli variously-formed scales of bone : the creature's 
bead was cased in strong platt‘s of the sjime niaioi’ial, the 
whole upper side lying under one Jingo Imckler ; and li(*rice 
the name Cephalasjnif, or buckler-Iieaii, In proportion to its 
strength and size it seems to liave lieeu amply lurnished with 
weapons of defence. Such was the strength and massiveness 
of its coveiing, tliat its remains are found compamtively en- 
tire in arenaceous rocks impregnated with iron, in wliicli few 
other fossils could have suivived. Its various species, as 
they occur in the 'Welsh and English Coriistoncs, says ]\Ir 
Murchison, seem not to have been suddenly killed and en- 
tombed, but to have Ixjen long exposed to submarine agencies, 
such as the attacks of animals, currents, concretionary action,” 
ifec. ; and yet, “ though much dismembered, the geolgogist has 
little difficulty in recognising even the smallest portions of 
them.” Nor does it seem to have been quite uiifuriiislicd 
with offensive weapons. The sword-fish, jjritli its strong and 
pointed spear, has been known to perforate the oaken ribs of 
the firmest built vessels ; and, poised and directed by its lesser 
fins, and impelled bj its powerful tail, it may be regarded 
either as an aiTow or javelin flung with tremendous forc^ or 
as a knight speeding to the encounter with his lance in rest. 
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Now there arc missiles employed in Eastern war&re which, 
iiistead of being pointed like the arrow or javelin, are edged 
somewhat like the crooked fidchion or saddleif 8 cutting-knife, 
and which are capable of being cast with such force that th^ 
have been known to sever a horse’s leg through the bone ; 
and if the swortl-fisli may be properly compared to an arrow 
or javelin, the combative powers of the Cephalaspis may be 
illustrated, it is pipbablc, by a weapon of this kind, the head 
all around its elliptical margin presenting a sharp edge, like 
tliat of a cutting-knife or talchion. . Its impetus, however, 
must have been compamtively small, for its organs of motion 
were so : it was a bolt carefully fashioned, but a bolt cast 
from a feeble bow. But, if weak in the assault, it must have 
been formidable when assailed. “ The pointed horns of the 
ci'esccjiit,” said Agassiz to the i^Titer, “ seem to have served 
a similar purjwse with the s])ear-like wings of the Fteinch* 
ihys^' the sole difference consisting in the circumstance tliat 
the speai's of the one could be elevated or depressed at plea- 
sure, whereas those of the other were ever fixed in the warlike 
attituda And such was the Cephalasfpis of the Comstones, 
not only the most characteristic, but in England and Wales 
almost the sole organism of the formation. (See Note F.) 

Now, of this curious ichthy elite w^e find no trace among 
the fossils of the Lower Old Beil Sandstone. It occurs nei- 
ther in Orkney nor Cromarty, Caithness nor Gamrie, Nairn- 
shire nor the inferior ichthyolite beds of Moray. Neither in 
England nor in Scotland is it to be found in the Tilestone 
foiTiiation or its equivalent It is common, however, in the 
Old Bed Sandstone of Forfarshire ; and it occurs at Balrud- 
dery in the Gmy Sandstones which form on both sides the 
Tay; while the Tilestone formation seems wanting, — the ap- 
parent base of the system. It b exclusively a medal of the 
middle empire.* (See Note G.) 

* la Worcestershire, in the noishboiurhood of Kidderminster, the 
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In tlie last-montioned locality, in a beautifully wooded 
dell known as the Den of Balraddcry, the Cepalaspis Ls fouiiil 
associated with an entire gi*oup of other fossils, the recent 
discovery of Mr Webster, the proprietor, who, with a zeal 
tlirough wdiich geological knowledge pfomiscs to be materi- 
ally extended, and at an expense of much labour, has made 
a collection of all the organisms of the Den yet discovered 
These the waiter had the pleasure of examining i?i the com- 
pany of Mr ^Murchison and Dr Buckland ; ho w^as after- 
wards present wdioii they w’cre examined by Agjissiz ; and 
not a single organism of the gi’oup could be identified on 
either occtusion, by any member of the party, with those of 
the lower or upper fonnations. Evt'ii tlie genera are dis- 
similar. The fossils of the Lias scarce difh‘r mortj from those 
of the Coal Measures than the foasils of the Middle Old lied 
Sandstone from the fossils of the fonnafions that rest over 
and under them. Ejich formation has its distinct group, — 
a fact so impoiiant U) the geologist, that ho may feel an in- 
terest in its further verification tliroiigli the d(»oision of y(‘t 
another high authority. The superior Old Rod Sandstones 
of Scotland w'crc first ascei-tained to he fossil iferous by Pro- 
fessor Fleming of King's College, Aberdeen,* eonfessedly one 


laspis Lytllii has been detected in beds that appear to bo iiitunnodiato be- 
tween the Tilestones and Corustoncs, and associated with other fossils sup- 
posed to bo characterutie 0 / the TUcetones, Mr Roberts of KitMeruiiiister 
has found the Pteryr/otus of the Kiugtoii Tilestones and the Ptcraspis nt 
Mr Banks in the same Gray Sandstones and Cornstones which coutaiu Ve- 
phalaspis LyelHi and Ptet'cupis ornatus, I exliibitcd tlicso fossils at a 
meeting of the Geological Society of London, April 1857, in tho prcsooco 
of Sir P. Egerton, Sir R. Murchison, and Sir 0. LyMl. — W. S. Symords. 

* The Upper Old Bed Saudstones of Moray wore ascertained to bo fos- 
siliferous at nearly tho same time by Mr Martin of the Andors<»n Insti- 
tution, £l^n. There is a mouldering conglomerate precipice termed tho 
iScat-Graiff, about four miles to tho south of tho town, more abundant in 
remains than perhaps any of tho other deposits of the formation yet dis- 
covered ; and in this precipice Mr Martin fii-st commenced his lalxmis in 
the Red Sandstone of the district, and found it a mine of wonders. Il is 
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of the first naturalists of the age, and j^ho to his minute ac- 
quaintance with existing forms of being adds an acquaint- 

a place of singular interest,— a rock of sepulchres ; and its teeth, scales, 
and single bones occur in a state of great entireness ; though, ero the de- 
posit was formed, the var^us ichthyolitcs whoso remains it contains seem 
to have boon brtikun up, and their fi*agmenU scattered. Accumulations cjf 
larger and smaller pebbles alternate in the strata ; and the bulkier bones 
and teeth are found invariably among tbo bulkier pebbles, thus showing 
tliat they W'q|p o))eratcd upon b}' the same laws of motion which operated 
ou the inorganic con touts of the deposit. At a considerably later period 
the fossils of the up^ier group wore detected in the precipitous and roman- 
tic banks of tbc Findbom, by Dr Malcolnisou of Madras, when prosecuting 
bis discoveries of the organisms of the low-er formation. lie found them 
also, though in loss abundance, in a splendid section exhibited in the Burn of 
Lethen, a rivulet of Moray, and yet again in the Deigblx>urhood of Altyre. 
ITie Ilcv. Mr Gordon of Birnio, and Mr Robertson of Inverugic, have been 
also tliscovcrcrs in the district. To the geological labours of Mr Patrick 
Duff of Elgin, in the same field, I have already had occasion incidenially 
to refer. Tbo patient inquiiics of this gentleman have been prosecuted 
for years iu all the formations of the province, from the MTeald of Links- 
field, with its peculiar lacustrine remains,— lignites, minute fresh-water 
shells, and the teeth, spines, and vertehrse of fishes and saurian s,— down to 
the base of tbo Old Red iSandstone, with its Coccostcit Dipferi^ and Pterich^ 
thyes, Ilis acquaintance with the organisms of the Scat-Craig is at once 
more extensive and minute than that of perhaps any other geologist ; and 
his collection of tlicm very valuable, representing, as it docs, a formation 
of much interest, still little known. Mr Duff is at present engaged on a 
volume descriptive of the geology of the proviuce of Moray,— a district 
extensively explored of late years, and abundant iu its distinct groupes of 
organisms, but of w’hich geuend readers have still much to learn ; and 
from no one could they loai'n more regarding it than from Mr Duff. It is 
still only a few months since the Up{icr Old Red Sandstone of the sonthem 
districts of Scotland were found to be fossiliferous ; and the WTiter is 
chielly indebted for his acquaiutanco with their organisms to a tradesman 
of Berwickshire, Mr 'William Stevenson of Dunso, who, on perusing some 
of the geological articles which appeared in the Witnesa newspaper during 
the courso of the last autumn, sent him a parcel of fossils disiuien*e<l from 
out the deep bolt of Red Sandstone W'hich loans to tbc south, iu that lo- 
cality, against the grauwacke of the Lammennuirs. Mr Stevenson had 
recently discovered them, he stated, near Prestonhaugh, about two miles 
north of Dunso, iu a fine section of alternating sandstone and conglome- 
rate strata tliat lie unoonformably on the grauwacke. They consist of 
scales and occipital plates of the Jlofoptychiiu, with the remains of a 
bulky hut very imperfcotly preserved ichthyodorulito ; and the coarse 
arenaceous matrices which surround them seem identical with the rod 
gritty sondstonoB of the Fiudhom and the Scat-Craig. 
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anco soaively loss m^ute with those forms of priiuoval lile 
that no longer exist He it was who first discovered, in tlio 
Upper Old Bed Sandstones of Fifeshire^ the large scales and 
plates of that strikingly characteristic iohthyolite of the higher 
formation now known as the Holajidpekius^ of which more 
,anon ; and unquestionably no one acquainted with his writ- 
ings, or the character of his mind, can doubt that he examined 
carefully. Now, a few years since^ I had the plftsure of in- 
troducing Professor Fleming to the organisms of the Lower 
Old Red Sandst<me, as they occur in the neighbourhood of 
Cromaii:y ; and, notwithstanding his extensive acquaintance 
with the upper fossils of the system, he found himself among 
the lower in an entirely now field. Ilis knowledge of the 
one group seiwod but to show him how very different it wius 
from the other. With the organn»ms of the lower he minute- 
ly acquainted hiniSHdf ; he collected specimens from (iamrio, 
Caithness, and Cromarty, and sludiefl their peculiarities ; and 
yet, on being introduced last 3'ear to the disco verity of I^Ir 
Webster at Balruddery, he found his acquaintance w’ith both 
the upper and lower gi-oupcs stand him in but the siiino stead 
tliiit bis first acquired knowledge of the u}>j)er gi-oiip had 
stood him a few ycai*s lic*fore. He agi*eed with Agassiz in 
pronouncing the group at Balruddery essentially a new gi’oup. 
Add to this evidence the well-weighed testimony of IVlr Mur- 
chison regarding the three formations which the Old lied 
Sandstone contains in England, where the entire system is 
found continuous, the Conistonc overlying the Tilestone, and 
the Quartzose Conglomerate the Cornstonc; take into ac- 
count the fact that there each formation has its characteristic 
fossil, identical with some characteristic fossil of the coitc- 
sponding formation of Scotland, — that the Tilestoncs of the 
one and the lower group of the other liave their Dipterun 
in common, — ^that the Comstones of the one and the middle 
g)*oup of the other have their CeplialoRpia in common, — that 
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the Quartzose Conglomerate of the one $nd*tlie upper group 
of the other have their Uolaptychivs in common ; and then 
say whether the proofs of distinct succeeding formations can 
be more surely established. however, the reader still en- 
tertain a doubts let him consult the singularly instructive 
section of the entire system, from the Carboniferous Lime- 
stone to the Upper Silurian, given by Mr Murchison in his 
“Silurian System” (Part IL, Plate XXXL, fig. 1), and he 
will find the doubt vanish. Biit to return to the fossils of 
the Corustone group. 

Tlie characteristic fossil of this deposit, the CeplialaftpiSj 
occurs in considerable abundance in Forfei*shire, and in a 
much more entire state than in the Com.^tones of England 
and W.ales. Tlic rocks to vrliich it belongs are also deve- 
loped, though more sparingly, in the northern extremity of 
Fife, in a line parallel to the southern shores of the Tay. 
But of all the localities yet known, the Den of Rolniddery 
is that in which the peculiar organisms of the formation may 
bo studied with best effect. The oiyctology of the Com- 
stones of England seems restricted to four species of the Ce- 
p^ialaspis. In Fife all the organisms of the foiination yet 
discoverwl are exclusively vegetable, — darkened impressions 
of stems, like those of the inferior ichthyolite betls, confusedly 
mixed with what seem slender and pointed leaflets drawn in 
black, and numerous circular forms which have been deemed 
the remains of the seed-vessels of some unknown sub-aerial 
plant “ These last occur,” says Professor Fleming, the ori- 
ginal discoveiTr, “in the form of cii'cular flat patches, not 
equalling an inch in diameter, and composed of numerous 
smaller contiguous circular pieces;” the ensemble re- 
sembling “what might bo expected to result from a com- 
pressed beny, such as the bramble or the rasp.” In Forfitr- 
sliire tlie remains of the Cephalaspis aro found associated 
with impressions of a different cliaracter, though equally ob- 
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score, — ^impressions of polished sorfiices carved into seeming 
scales ; but in Balruddery alone are the vegetable impressions 
of the one locality and the scaly impressions of the other, to> 
gather with the characteristic ichthyolitos of England and 
Forfarshire, found associatcnl •wdth numerous fossils besidiM, 
many of them obscure, but all of them of interest^ and all of 
them new to geology. 

One of the strangest orgiinisms of the formation is a fos.^il 
lobster, of such huge propoi*tions that one of the avenige- 
sb.ed loV)stei'S coinmou in our markets might stretch its en- 
tire length across the ooutiiuious tail-llap in wliich tlui crea- 
ture terminated. (See Note IF.) x\nd it is a in.irke<l cha- 
racteristic of the fossil that the ttu-ininal ll{i^» should 1 k‘ con- 
tinuous : in all the existing vaiieties with which I am at*- 
quainted it is divided intf» angular sect ions. The claws nearly 
resembh'd those of the common lo>>st(*r : tln*ir outline is si- 
milar ; there is the Siime hawk-hill cur\’atiiru outside ; and 
the inner sides of the pincers are armed with similar teeth- 
like tubercles. The immense shi«‘ld which coven'd the npj)er 
part of the creature’s ])ody is more angular than in the exist- 
ing varieties, and resenihles, both in form and one of 

those lozenge-shaped sliields worn by knights of the middle 
ftgas on gjiki days, rather for ornament than use, and on 
■which the herald still inscribes the armorial laiarings of ladies 
who bear title in tlic'ir own right As shown in some of the 
larger specimens, the length of tins gigantic crustacean must 
have exceeded four feet. Its shelly armour was delieatedy 
fretted with the forms of circular or elliptical scales. On all 
the many plates of which it was coinfMiBed we see these de- 
scribed by grac^ully-waved lines, and rising apparently from 
under one another, row beyond row. They were, however, 
as much the mere semblance of scales as those relieved by 
the sculptor on the corselet of a warrior’s efligy on a Gothic 
tomb, — mere sculpturings on the surface of the shell This 
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peculiarity may be regarded as throwing light on the hitherto 
doubtful impressions of the sandstone of Forfarshire, — im- 
pressions, as has been said, of smooth surfaces car\*ed into 
seeming scales. They occur as impressions merely, the sand- 
stone retaining no more of the original substance of the or- 
ganism than the impressed wax docs of the substance of the 
seal ; and the wr»rkmcn in the quames in which they occur, 
tiiuling form without body, and stnick by the resemblance 
w’hicli tlie delicately- waved scales bear to the sculptured 
markings f>n tlie wdngs of cheiaibs, — of all subjects of the 
chisel the most common, — fancifully tenned them Seraphhn. 
Thc^y have turned out, as was anticipated, to be the detiiehed 
] dates of some such cnistacean as the lobster of Balruddery.* 
The ability disj)layed by^hivier in restoring from a few' 
brokt'u fnignients of 4lone the skeleton of the entire animal 
to wliich tlie fragments had belonged, astonished the w’orld. 
He had learned to interpret signs as ineonqirehensible to every 
one else as the mysterious handwi’itiug on the wall had been 
to the coui’tici's of Belshazzar. The condyle of a jaw became 
ill his hands a ki*y to the character of the original possessor ; 
and in a few' mouldering vertebne, or in the dilapidated bones 
of a fore-arm or a foot, ho could road a curious histoiy of 
habits and instincts. In common w'ith sevciul gentlemen of 
Edinburgh, all men kiiowui to science, I W'as as much struck 
W'ith the skill displayed by Agassiz in piecing together the 
fmgments of the huge crustacean of Balruddery, and in demon- 
strating its nature as such. The numerous specimens of Mr 


* Near Ludlow, Hereford, and several other localities, the Upper Lud- 
low fish-bod has boon traced over au extensive area ; but iu several places 
the fishes appear to bo ahseut, and their places supplied by lai^e Crusta- 
ceans, chiefly Pterygotua. llimantopterua, Xuryptenu, and Pterygotuif, 
have boon found by Mr Banks assoeiated with Ptercupides and Lingula 
comta ; while Mr Koberts has Pteraapia and Pierygotua in the same beds 
as Cephafaapia Lyellii, The Pterygotua of Kidderminster seems identical 
with the Scotch <%rap/am.— ‘V^. S. Symouds. 
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Webster were opened out before us. On a previous moiiiing 
I had examined them, as I liave sniil, in the com])any of Mr 
Murohistni and Dr Buekland ; they had been seen also by 
Ijord Greenock, Dr Tmill, and Mr Cluulca McLaren ; and 
their fragments of new and nndescribed fislies had been at 
once recognised with reforon<*e t<> at least their class. Ihit 
the collection contained organisms of a d llen'nt kind, wle *h 
seemed iiiexi>lieablo tt) all, — forms of various design, but so 
regularly luathematieal in their outlines, that they might bo 
all describwl by a ruliT and a juiir of eonipass(‘s, and yet the 
whole were covered by seeming scales. I'heio w<*re the frag- 
ments of scaly rhombs, of scaly crescents, of sealy eireles, 
with scaly pandlclograms attached to them, and of several 
other regvdar compound ligurosJ[K*sides. Mr Murchison, fa- 
miliar with the older fossils,- reinarkec^the close rosembhinec 
of the seeming scales to those of the Seraphim of Foifarshire, 
but defeiTcd the whole to the judgment of Agassiz : no one 
else liazardcd a conjecture. Agassiz glanced ovi*r the collec- 
tion. One specimen cs[»ecially caught his attention, — an ele- 
gantly symmetrical one. It .seemed a combination of the 
parallelogram an<l the crescent : there were pointed horns at 
i‘ach end j but the convex and concave lines of the opposite 
sides passed into almost parallel right lines toward the centre. 
His eye brightened as he contemplated it. “ I will tell you,” 
he said, turning to the company, — “ I will tell you what these 
are, — the remains of a huge lobster.” He anunged the speci- 
mens in the group before him with as much ai)parcnt cjisc as 
I have seen a young girl arranging the pieces of ivory or 
mother-of-pearl in an Indian puzzle. A few broken j)ieces 
completed the lozenge-shaped shield \ two detached siiccimcns 
placed on its opposite sides fumi,slicd the claws ; two or three 
semi-rings with serrated edges composed the jointed body ; 
the compound figure, which but a minute before had so 
strongly attracted his attention, furnished the terminal flap ; 
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and there, lay tlic huge lobster before us, palpable to all. There 
is homage due to supereminent genius, which nature 8ix>nta- 
neously pays when there are no low feelings of envy or jea- 
lousy to* interfere with her operations ; and the reader may 
well believe that it was willingly rendered on this occasion 
to the genius of Agassiz. 

The terminal flap of this gigantic crustacean was, as I have 
said, continuous. The <^reatui*e, however, seems to have had 
contemporai-ies of the same &mily, whose construction in the 
divisions of the flap resembled more the lobsters of the pre- 
sent day ; and the reader may sec in the subjoined print the 
representation of a very characteristic fragment of an animal 
of tliis comiuoncT ty|>e, fix)m the Middle Sandstones of For- 
fai-sliire. (See Plate IX., tig. 1.) It Is a tei*minal flap (see 
Note H), — one of several divisions,— curiously fretted by 
scale-like markings, and bearing on its lower eilge a fringe, 
cut into angular points, somewhat in the style of the Van- 
dyke edgings of a nifl’ or the lacings of a head-dress. It may 
be remarked in pjissing, that our commoner lobsters b«ir on 
the coiTes])onding eilge fringes of strong retldish-coloui’ed 
hair. The fonn altogether, from its wing-like appearance, 
its featheiy markings, and its angiikir points, will suggest to 
the reader the origin of the name given it by the Foifai'shire 
workmen. With another such flaj) spi’eading out in the con- 
tmry direction, and a periwigged head between tlicm, we 
would have one of the sandstone chcnibs of our country 
churchyards complete. 

There occur among the other organisms of Baliniddeiy nu- 
merous ichthyodorulites, — flu-spines, such as those to which 
I have called the attention of tlic reader in describing the 
thomy-finned fish of the lower formation. But the ichthyo- 
dorulites of Balruddery difler essentially fi*om those of Caith- 
ness, Momy, and Cromarty, These last are described on both 
sides, in every instance, by either stiaight or slightly curved 
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lines ; whereas one of the describing lines in a Balruddcry 
variety is broken by projecting prickles, that i*escinble 8hur|> 
hooked teeth set in a jaw, or nither the entire iehihyodomlite 
reseinbles the spring of a wild rose-bush bearing 
aquiline-shaped thorns on one of its sides. Ihicklaiul in his 
“ Bridgewater Treatise,” and Lyell in his “ Elements,** refer 
to this peculiarity of structure in ichthyodonilit(*s of tlu‘ latter 
formations. The hooks are invariably rangi‘d t»n the concave 
or ^>osterior edge of the spine, and w(*re einploycHl, it is siqn 
posed, in elevating the fin. Another ichtliyodorulite of tin* 
fonu:iti<.»ii restmibles, in the CJothic cast of its roddini^, tliose 
of the Diplacanthm of the Lower Old Kod Sandstone deserih- 

ed in j>ages 1 10 and 1 1 1 of tlu' 
]>ivsent volume, and iiguriMl in 
Plato VI ri., tig. 2 ^ except that 
it was proportionally stouter, 
and tnivei’sed at its l>ase by linos 
running conn t(*r to the stria* that 
furrow it longitudinally. Of the 
other organisias of JBalniddery 
I cannot pretend to ajieak with 
any dtigreo of certainty. Sonn^ 
of them Hoem to have belonged 
to the liadiata ; some are of so 
doubtful a chameter, that it can 
scarce ho determined wliotluT 
they took their jdacc among tlie 
forms of the v(*ge table or animal 
kingdoms. One organism, in 
particular, which was at first deemed the jointed stem of some 
plant resembling a calamite of the Coal Measures, was found 
by Agassiz to be the slender limb of a crustacean. A minute 
description of this interesting deposit, witli illustrative prints, 
would be of importance to science ; it would serve to fill a 


DALRUDDERT FPIKES. 




TUB OLD BBO SANDSTONE, 


161 


gap in the scale. The geological pathway which leads up- 
wards to the present time from those ancient fermations in 
which organic existence first began has been the work of 
well nigh as many hands as some ef our longer railroads : 
each contractor has taken his part; very extended parts have 
fallen to the share of some, and admirably have they exe- 
cuted them : but the pathway is not yet complete, and the 
completion of a highly curious portion of it awaits the fur- 
ther labours of Mr Webster of Balruddery. 

A considerable portion of the rocks of this middle forma- 
tion in Scotland are of a bluish-gray colour. In Balruddery 
they resemble the mudstones of the Silurian System ; they 
form at Carmylie the fissile bluish-gi'ay i>avement so well 
kno^Ti in commerce as the pavement of Arbroath ; they oc- 
cur as a hard micaceous building-stone in some parts of Fifo- 
shire ; in others they exist as bccLs of friable stratified clay, 
that dissolve into unctuous masses where washed by the 
sea. In England the formation consists, throughout its entire 
depth, of beds of red and green marl, witli alternating beds of 
the noduhir limestones to which it owes its name, and with 
here and there an interposing band of indurated sandstona 

The Cornstone formation is more extensively developed in 
Forfai-shire than in any other district in Scotland ; and from 
tliis circumstance the result of the writer s obser\"ations re- 
garding it^ during the courae of a racent visit, may be of some 
little interest to the reader. About two-thirds the entire 
area of this county is composed of Old Bed Sandstone, It 
forms a portion of that great belt of tlie system 'which, ex- 
tending across the island from the Oenuan Ocean to the Frith 
of Clyde, represents the southern bar of the huge sandstone 
frame in which the Highlands of Scotland are set. The 
Grampians run along its inner edge, composing part of the 
primary nucleus which the frame incloses : the Sidlaw Hills 
run thiDugh its centre in a line nearly parallel to thes^ and 
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separated from them by Strathmore, the great valley of An- 
gua The valley and the hills thus form, if I may so express 
myself, the mouldings of the frame, — mouldings somewhat 
resembling the semi-reota of the architeet. There is 
reckoning from the mountains downwanls, an iiinnnisi* co 
cave cuiwe, — the valley; then an immense convex o\n\ — tl 
hills ; and then a lialf-cun'e bounded by the The illus- 
tnitiou may further serve to show tlie present conditi<»n v'f 
the formation : it is a frame much worn by deiiiuhiti(>n, and 
— just as in a bona Jide frame — it is the higlier nioiddings 
that liave suffered most. Layer after layer has btuai wi>rn 
down on the ridges, exactly as on a raised moulding we may 
see the gold leaf, the rcxl pigment, and the whiting, all gi-ouml 
dowia to the wood ; while in the hollow moulding beside it, 
on the contraiy, the gilt is still fresh and entire. We find 
in the hollows the superior layers of tht» frame still overly- 
ing the inferior ones, and on the heights tin? inferior ones 
laid Ijare. To descend in the system, therefore, we liavo to 
climb a hill ; to risc*in it, we have to d(?scend into a valley. 
We find the lowe.st beds of the system anywhere yet dis- 
covered in the county, on tlie luoory heights of Cannj'lie : its 
newer deposits may be found on the sea-shoro, beside the linuv 
works of Heddeiwick, and in the central hollows of Strath- 
more. 

The most ancient bods in the county yet known belong, as 
unequivocally shown by their fossils, to but the middle for- 
mation of the system. They have been quarried for many 
years in the parish of Carmylie ; and the quanies, as may 
be supposed, are veiy extensive, stretdling afong a mooiy 
hill-side for considerably more than a mile, and furnishing 
employment to from sixty to a hundred workmen. The eye 
is first caught, in approaching them, as we surmount a long 
fiat ridge, which shuts them out from the view of the distant 
sea, by what seems a line of miniature windmills, the sails 
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ilaiing with red lead, and revolving with the lightest breeze 
at more than double the rate of the sails of ordinaiy mills. 
These are employed, — a lesson probably bon-owed from the 
Dutch, — in draining the quarries, and thi’ow up a very con- 
siderable body of water. The line of the excavations i*c- 
scmbles a huge drain, with nearly perjxmdicular sides, — ^a con- 
sequence of the regular and well-determined cliaracter of the 
joints with which tlio stmta are bisected. The stone itself 
is a gray, elose-gi-fiined, fissile sandstone, of unequal hard- 
ness, and so vciy bjugh aiid coherent, — qualities which it 
seems to owe in part to the Viist abundance of mica which it 
contains, — tliat it is quite possible to strike a small hammc r 
through some of the larger flags without shattering the edges 
of the perforation. Hence its value for various pui*pose> 
w'hich common sandstone is too brittle and incoherent to 
seiwe. It is extensively u.sed in the neighboiu'hood as a 
roofing slate ; it is em])loyed, too, in the making of water 
cisterns, grooved and jointed as if wrought out of wood, and 
for the tops of lobby and billiard tables. I have even seen 
6nufM)Oxes fashioned out of it, os a soi-t of mechanical feat 
by the workmen, — a i)urpose, however, which it seems to 
serve only indifferently well ; and single slabs of it cut into 
tolerably neat window-frames for cottages. It is most ex- 
tensively used, liowever, merely as a paving-stone for lobbies 
and lower floors, and the footways of streets. When firat 
deposited, and when the creatures whose organic remains it 
still prcsciwes careered over its numerous platforms, it seems 
to have existed as a line muddy sand, formed apparently of 
disintegrated giuiiwackc rocks, analogous in their mineral 
character to the siinilai*ly-coloui*ed grauwacko of the Lam- 
mermuira, or of primaiy slates ground down by attrition into 
mud, and mixed up with the pulverized fragments of schis- 
tose gneiss and mica schist 

I was first struck, on descending among the workmen, by 
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the comparative abundance of the vegebible remains. l!> 
some parts of the quarries almost every layer of the strata 
is covered by carbonaceous markings, — in*egulai*ly-gi*ooved 
stems, branching out into boughs at acute angles, and that at 
the first glance seem the inmiaturo sembhinct^ of the trunks 
of gnarled oaks and elms blackened in a morass, and still rv- 
taining the i\)iigh bark chapped into furrt — oblong leui 
like impressions too, and impressions of moi*e slender form, 
that resemble the naiTow parallel-edged leaves of the sea- 
grass weed. I observed, in X)articular, one large bniieh of 
riband-like leaflets converging into a short stem, so tlnit the 
whole resembled a scourge of cords ; and I would fain have 
detached it from the rock ; but it lay on a mouldering film 
of clay, and broke up with my firat attempt to remove it. 
A stalk of sea-gi'a.ss weed plucked up by the roots, and c(»m- 
pressed in a herbarium, would present a somewhat similar 
appearance. Among the impressions there occur irregularly- 
shaped patches, reticulated into the semblance of polygonal 
meshes. They remiiid one of pieces of ill-woven lace ; for 
the me.shes are^ unequal in size, and the polygons iiTcgular. 
(See Plate IX., fig. 2.) When first laid open, every mesh 
is filled with a carbonaceous speck ; and from their supirosed 
resemblance to the eggs of the frog, the workmen tcnii them 
jmddock spawn* They are supposed by Mr Lyell to form 
the remains of the eggs of some gasteropodous mollusc of the 
period. I saw one flagstone, in particular, so covered with 
these reticulated patches, and so abundant, besidc.s, in vege- 
table impressions of both the irregularly -furrowed and grass- 
weed-looking class, that I could compar^it to only the bot- 
tom of a ditch beside a hedge, matted with withered grass, 
strewed with blackened twigs of the hawthorn, and mottled 
with detached masses of the eggs of the frog. (See Note I.) 

* ThoBo foBsils, —Parikz now known to be the Beeds of a plant, 

are abundant in the Eiddeiminiter beds.— W. S. Symonds. 
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All the larger vegetables are resolved into as pure a coal as 
the plants of the Coal Measures themselves, — the kind of 
data, doubtless, on which unfortunate coal-speculators have 
often earned disappointment at large expense. None of tlie 
vegetal)lcs themselves, however, in the least resemble those 
of the carboniferous period. 

The animal remains, though less numerous, are more in- 
teresting. They are identical with those of the Den at Bal- 
ruddery. I saw, in the possession of the superintendent of 
the quarries, a well-preserved head of the Cephalaspxs LyeUli 
Tlie crescent-shaped liorns were wanting, and the outline was 
a little obscure ; but the eyes were better marked than in al- 
most any other specimen I have yet seen, and the circular 
star-like tubercles which roughen the large occipital buckler 
to which the creature owes its name were tolerably well do- 
lined. L was shown the head of another individual of the 
same species in the centre of a large slab, and nothing could 
be more entire than the outline. Tlie osseous plate still re- 
tained the original brownish-w’hitc luie of the bone, and its 
radiated poious texture ; and the sliaiq) crescent-shaped horns 
w’ero as shaiq)ly defined as during the lifetime of the strangely- 
organized creature which they had defended. In both spe- 
cimens the thin angular body was wanting. Like almost all 
the other fishes of the Old Red Sandstone, the bony skeleton 
of the Ceplialasim w'as external, — as much so as the shell of 
the crab or lobster : it presented at all points an aimour of 
bone as complete as if it had been carved by the ivoiy^-tumer 
out of a solid block ; while the internal skeleton, which in 
every instance has disappeared, seems to have been composed 
of cartilage. I have compared its general appearance to a 
saddler’s cutting-knife ; — I should perhaps have said a sad- 
dler s cutting-knife divested of the wooden handle, the broad 
bony head representing the blade, and the tliin angular body 
the ii'on stem usually fixed in the wood. No existence of 
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the preseut creation at all resembles the Cephalaapla. Were 
we introduced to the living creatures which now inhabit the 
oceans and rivers of Mars and Venus, we could find nothing 
among them more strange in appeai’anee, or more unlike our 
living acquaintances of the friths and streams, than the (V- 
phahis^piiles of Cannyli**. (See Note F.) 

I observed, besides, in the quarry, ivniains of the hut;t‘ 
crustacean of Balnuldery. I'he plates of the Cephahtspis rr 
titiu the colour of the original bone ; the plates of the enis- 
tacoan, on the conti*ary, are of a dee[) rt'd tint, wliieli eon- 
trasts .strongly with the cold gray of the stone. They remind 
one, hoth in sha[>e and hue, of piece.s of ancient iri>n armour, 
frettetl into semi-elliptical scales, anti red with rust. I saw, 
with one of the workmen, what set*uied to hate been the con- 
tinuous tail-llap of an individual of veiy considerable size. 
It .seemed curiously puckered where it liutl joiirt'd to the 
body, much in tlic manner that a gown or Highlander s kilt 
i.< puckered where it joins to tlie waistband ; and the out- 
line of the whole plate was marktnl by what I may vtmture 
to term architectural elegance. The mathemati(.*ian could 
liave desciibcd it with his ruler and coinpa.sseH. Tin* super- 
intendent pointed out to me another plate in a .slab dressed 
for a piece of common pavement. It was a regularly-foriiKid 
]>arallclogram, and had obvioasly compose<l one of the jointed 
pLites which had covered the creature’s body. I could not 
so easily assign its place to yot a third plate in the posscs- 
.sion of the Rev. Mr Wilson of Carmylic. It is coloured like 
the others, and, like them too, fretted intq minute scales ; but 
the form is exactly that of a hearty — not such a heart as the 
anatomist would draw, but such a heart rather as we see at 
times on valentines of the humbler order, or on the ace of 
hearts in a pack of cards. Possibly enough it may have been 

the breastplate of this antique cnistacean of the Conistoncs. 
The spawn of our common blue lobster is composed of sphe- 
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rical black grains, of nearly the size of mustard-seed. It 
struck me as not very improbable that the reticulated mark* 
ings of the flagstones of Carmylic may have been produced 
by the minute eggs of this fossil crustacean, covered up by 
some luistily-ilcposited layer of mingled mud and sand, and 
forced into the jjolygonal foma by pressing against each other, 
and by the weight from aliove. (See Note 1.) 

The gray fissile bed in wliich these organismi^ occur was 
perforates! to its base on two several occasions, and in dif- 
o rent parts of tlie quarries,— in one instance merely to asccr- 
tiiin its deptli ; in the other, in the course of excavating a 
tunnel. In the one ca.se it was found to rest on a bed of 
traj), wdiich s(‘erncd to have insinuated itself among the strata 
with as little disturbance, and wdiich lay nearly as confor- 
mably to them as the givenstouc bed of Salisbury Craigs does 
to the alternating sandstones and clays wliich both underlie 
and overtop it In the other instance, the excavators arrived 
at a red aluminous sandstone, veined by a pui’plish-coloured 
oxide of iron. The upper strata of the quarrj’^ are overlaid 
by a thick bed of grayish-red conglomerate. 

Leaving behind us the quarries of Caimylie, wc descend 
the hill-side, and rise in the system as we lower our level 
and advance upon the sea. For a very considerable distance 
wc find the rock covered up by a deepred dilindal clay, 
largely charged with water-w’om boulders, chiefly of the older 
primaiy rocks, and of the sandstone underneath. The soil 
on the higher grounds is luoory and ban*en, — a consequence, 
ill gi’cat part, of a liard, ferruginous pan, which interposes, like 
a paved floor, between the diluvium and the upper mould, 
and wliich prevents the roots of the vegetation from striking 
downw’ards into the tenacious subsoil From its impervious 
character, too, it has the eflTect of rendering the surface a bog 
for one-half the year, and an arid, sun-baked waste for the 
other. It seems not improbable that the heaths which must 
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have grown and decayed on those heights for many ages may 
have been main agents in the formation of this pavement of 
barrenness. Of all plants, they are said to contain most iron. 
According to Fourcix)y, a full twelfth part of the weight of 
oak, when dried, is owing to the presence of this almost uni- 
versally difiused metal, and the proportion in our common 
heaths is still larger. It seems easy to conceive how, os 
generation ‘after generation withered on these heiglits, and 
were slowly resolved into a little mossy dust, the minute me- 
tallic particles which they had contained would be eaiTi(‘d 
do^vnwa^ds by the rains through the lighter siratiiin of soil, 
till, reaching the impermeable platform of tenacious clay be- 
neath, they would gradually accumulate there, and at length 
bind its upper layer, as is the nature of femigiuous oxide, 
into a continuous stony crust. Bog iron, and the clay iron- 
stone, so abundant in the Coal Measures, and so (extensively 
employed in our iron-works, seem to liave owed their accu- 
mulation in layers and ncKluIcs to a somcwliat similar process, 
through the agency of vegetation. But I digress. 

The rock appeara in the course of the Elliot, a few hun- 
dred yards above the pastoral village of Arbirlot. We find 
it uptiltcd on a mass of claystone amygdaloid, that has hero 
raised its broad back to the surface amid the middle shales 
and sandstones of the system. The stream inins over the in- 
truded mass ; and where the latter terminates, and the sand- 
stones lean against it, the waters leap from the harder to the 
softer rock, immediately beside the quiet parish burying- 
ground, in a cascade of some eight or ten feet From this 
point, for a full mile downwards, we find an almost continu- 
ous section of the sandstone, stratum leaning against stratum, 
in an angle of about thirty. The portion of the system thus 
exhibited must amount to many hundred yards in vortical 
extent ; but as I could discover no data by which to deter- 
mine regarding the space which may intervene between its 
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lowest stratum and the still lower beds of Carmylie^ 1 could 
form no guess respecting the thickness of the whole. In a 
bed of shale about a quarter of a mile below the village I 
detected several of the vegetable impressions of Carmylie, es- 
pecially those of the grass-weed-looking class, and an imper- 
fectly preserved organism resembling the parallelogrammical 
scale of a Cepludaspis, The same plants and animals seem 
to have existed on this liigh platform as on the Carmylic 
platform far beneath. 

A little faithcr down the course of the stream, and in the 
immediate neighbourhood of the old weather-worn tower of 
tlie Ochtevlouies, there occui’s what seems a break in the 
strata. The new’er sandstones seem to rest unconformably 
on the older sandstones which they overlie, Tlie evening 
on which I explored the course of the Elliot "was drizzly and 
unpleasant, and the stream sw’ollen by a day of continuous 
rain, and so I could not examine so minutely as in other cir- 
cumstances I would have done, or as was necessary to establish 
the fact. In since turning over the “Elements** of Lyell, 
however, I find, in his section of Forfareliire, that a newer 
deposit of nearly horizontal strata of sandstone and conglo- 
merate lies unconformably, in the neighbourhood of the sea, 
on the older sandstones of the district ; and the appeamnees 
observed near the old tower, mark, it is probable, one of the 
points of junction, — a point of junction also, if I may be so 
bold as venture the suggestion, of the formation of the H<h 
loptychlua Nohilissimm with the formation of the Cephdlas- 
pisy — of the Quai’tzosc Gonglomemtc with* the Corastones. 
In my hurried survey, however, I could find none of the 
scales or plates of the newer ichthyolite in this upper deposit, 
though the numerous spherical markings of white, with their 
centrical points of darker colour, show that at one time the 
organisms of these upper beds must have been veiy abundant. 

We pass to the upper formatiou of the system. Over the 
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bdtof loingledgray and red there occmTB in Uk6p3rramid a se- 
cond deep belt of red conglomerate and variegated sandstone, 
with a band of lime atop, and over the band a tliiok belt of 
yellow sandstone, with which the system terminates.* Thus 
the second pyramid consists mineiulogically, like the firat, of 
three gi'eat divisions or bonds ; its two upper belts belong- 
ing, like the three belts of the other, to but one foniiiition, 
— the formation known in England as the QuaiiyAise C<»n- 
glomerate. It is largely devoh^petl in Scotland. Wo find 
it spread over extensive areas in Moray, Fife, Hoxlnirgh, an<l 
Berwick shires. In England it is comparatively barren in 
fossils, the only animal organic remains yet (h»t«*ct(‘d in it 
being a single se;ile of tlu‘ Jlofopf}/rltlvs found by Mr Murchi- 
son ; and though it contains vegetal )Ie organisms in more 
abinulance, so imperf<*ctly are they preserved, that little else 
can be ascertained regarding tlimn than that they were land 
Y>lants, V>ut not ideutiail with the ]>lants of the Coal Measures. 
In Scotland the formation i.s richly fossil iferous, and the 
remains belong chiefly to the animal kingdom. It is richly 
fossiliferous too in Russia, where it was discovered by IVIr 
Murchison, during the .summer of last year, spread over areas 
many thousand square mile.s in extent. And there, as in 
Scotland, the Ilolnplyrhius seems its most characteristic fossil. 

* Thero Htill oxiats sonio uncortainty regarding the order in which tlie 
upper beds occur. Mr Duff of Elgin places tho limustono band above tbo 
yellow' sandstone ; Messrs Sedgwick and Murchison assign it an intermo- 
diato position between the red and yellow. Tho respective places of tho 
gray and rod sandstones are also disputofl, and by very high authorities ; 
Dr Fleming holding that tho gray sandstones overlie tho red (see “ Cheek's 
Edinburgh Journal” for February 1831), and Mr Xiycll, that tho red sand- 
stones overlie tho gray (see “ Elomonts of Geology,” first edit., pp. 99, 
100.) Tho order adopted above consorts best with the results of tho writer’s 
observations, which have, however, been restricted chiefly to tho north 
country. Ho assigns to tho liinostono band the middle place assigned to it 
by Messrs Sedgwick and Murchison, and to tho gray sandstone tho infe- 
rior position assigned to it by Mr Lyclj ; aware, however, that the latter 
dei> 08 it has not only a coping, but also a hasomont, of red sandstone,— tho 
basement forming the upper member of the lower formation. 
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The fiict seems especially worthy of remark, liie organ- 
isms of some of the newer formations differ entirely, in widely- 
separated localities, from their contemporaiy organisms, just 
as in the existing state of things the plants and animals of 
Great Britain differ from the plants and animals of Lapland 
or of Sierra Leone. A geologist who has acquainted himself 
with the belemnites, baculitcs, tun-ilites, and sea-urchins of 
the Cretaceous gi’oup in England and the north of Fmnce, 
would discover that he harl got into an entfrely new' field 
among the hippiirites, sphierulites, and nummulites of the 
same formations, in Greece, Italy, and Spain ; nor, in pass- 
ing to tlie tertiaiy deposits, w'ould he find less striking dis- 
similarities between the gigantic mail-clail megfithcrium and 
huge mastodon of the Ohio and the La Plate, and the mon- 
sters, their contempomries, the haiiy mammoth of Siberia, * 
and the hippopotamus and rhinoceros of England and the 
Continent. In the more ancient geological periods, ere the 
seixsona began, the case is essentially different : the contem- 
poraiy formations, wdieii widely separated, are often very un- 
like in mincmlogical character, but in their fossil contents 
they lire almost ahvays identical. In these earlier ages the 
atmospheric tcnipemture seems to have depended more on 
the intenial heat of the earth, only partially cooled dowm 
from its original sbitc, than on the eailh’s configuration or 
the iiilhience of the suii. Hence a widely-spread equality of 
climate, — a giTciihouse equalization of heat, if I may so speak; 
and hence, too, it would seem, a wddely-spread fauna and flora. 
The greenhouses of Scotland and Sw'cden produce the same 
plants with the greenhouses of Spain and Italy ; and when 
the world was one vast groenhouse, heated from below, the 
same families of plants and the same tribes of animals seey 
to have ranged over spaces immensely more extended than 
those geographical circles in which, in the present time, tlie 
same plants are found indigenous, and the same animals no- 
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tive. The fossil miiains of the true Coal Moasuvrs an' tin* 
same to the wcstwaixl of the Alleghany Mountains as in 'Svw 
Holland, India, Southem Africa, the neighbourhood of New- 
castle, and the vicinity of Edinburgh. And I entoHaiu little 
doubt that, on a similar principle, the still more ancient or- 
ganisms of the Old Red Sandstone will be found to bear the 
some character all over the world. 
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CHAPTER IX. 


Fossils of tbo Ui)per Old Ued Sandstone mdch more imperfectly preserved 
than those of the Lower —TK o Causes obvious — Difference between the 
Two Groupcs which first strikes the Observer, a Difference in Size-- 
The Nolapiychius a Characteristic Ichthyolite of the Formation— De- 
scription of its huge Scales— Of its Occipital Bones, Fins, Teeth, and 
General Appearance — Contemporaries of the jETofop/ycAtus— Sponge-like 
Bodies— Plates resembling those of the Sturgeon— Teeth of Various 
Forms, but all evidently the Teeth of Fishes — Limestone Band, and its 
Probable Origin— Fossils of the Yellow Sandstone— The PtericlUhyt of 
Dura Don— Member of a Family peculiarly Characteristic of a System 
— No Intervening Formation between the Old Bed Sandstone and the 
Coal Measures- The lloloptychitis Contemporary for a time with the 
Alegalichthys — The Columns of Tubal Cain. 

The dilFercnt degrees of entireness in which the geologist 
finds his organic remains depend much less on their age than 
on the nature of the rock in which they occur ; and as the 
arenaceous matrices of the Upper and Middle Old Reil Sand- 
stones have been less favouiuble to the preservation of their 
peculiar fossils than the calcareous and aluminous matrices 
of the Lower, wc frequently find the older organisms of the 
system fi-esh and unbroken, and the more modem existing as 
mere fragments. A fisli thrown into a heap of salt would 
be found entii’e after the lapse of many years : a fish thrown 
into a heap of sand would disappear in a mass of putrefac- 
tion in a few weeks; and only the less destructible parts, 
siichns the teeth, the harder bones, and perhaps a few of the 
scales, would survive. Now, limestone, if I may so speak, 
is the preserving salt of tlie geological world ; and the con- 
servative qualities of the sliales and stratified clays of the 
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Ijowor Old Eod Sandstone are not niucli inlorii»r to thoso 
of lime itself ; while in the Upper Old Red we have nuTi ly 
beds of consolidated sand, and these, in most instances, reie 
deitsl less conservative of organic remains than even the 
common sand of our shores, by a mixture of the red oxide 
of iron. The older fossils, therefore, like the mummies of 
can be described well nigh as minutely as the exist- 
ences of tlie present ci*eation : the newer, like the com|uiiu- 
tively modem remains of our cliunjiyards, exist, except in a 
few nii*e cases, as mere fmgmcnts, and demand powers such 
as those of a Cuvier or an Agassiz U> restore tlicni to their 
original combinations. But eases, tliongli fi‘\v and lans do 
occur, in which, through some favoxirable accidt^nt connected 
with the death or sepulture of sonu individual existence of 
the period, its reinaiiis liave been ]»r<*scrved almost entire ; 
and one such specimen serves to throw light on wlmli* lieaps 
of the broken remains of its contcmporarii‘s. 1'lie singh* 
elephant presen (sl in an iceberg besiili* the Arctic Ocean il- 
lustrated tlie peculiarities of the iiuiiicriMis extinct family t<» 
whicli it beh)nged, whose bon(*s and huge tusks whiten the 
wastes of Siberia. The human body found in an Irish l»og, 
with tlie ancient sjindals of the country still atUched t<» its feet 
by thongs, and clothe<l in a gjimient of coarae hair, gave evi- 
dence that bore generally cm the degree of civil izjition at- 
tained by the inhabitants of an entire district in a renioie 
aga In all such instances, the character and apj)earance of 
the individual bear on those of the triba In attempting to 
describe the organisms of the Lower Qld Red Sandstone, 
where the fossils lie as thickly in some localities as herrings 
on our coasts in the fishing season, I felt as if I had whole 
"tribes before me. In describing the fossils of the Upper Old 
Red Sandstone, I shall have to draw mostly from single spe- 
cimens. But the evidence may be equally sound so far as it 
goes. 
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The diircrence ])etween the superior and inferior groupes 
of tlie system which first strikes an observer is a diiference 
in the suse of the fossils of which these groupes are composed 
The cliaractoristic organisms of the Upper Old Bed Sand- 
stone are of much greater bulk than those of the Lower, 
which seem to have been characterized by a medioerh^ of 
size throughout the entire extent of the formation. The 
largest ichthyolites of the group do not seem to have much 
exceeded two feet or two feet and a half in length ; its smaller 
average from an inch to three inches. A jaw in the posses- 
sion of Dr Traill, — ^that of an Orkney species of riaiyg^wAhui^ 
and by much the largest in his collection, — does not exceed 
in bulk the jaw of a full-gi-own coal-fish or cod ; his largest 
Coccosieus must have been a considerably smaller fish than 
an ordinary sized turbot ; the largest ichthyolite found by 
tlie writer was a D\plopieru9y of, however, smaller dimen- 
sions than the ichthyolite to which the jaw in the possession 
of Dr Traill must have belonged ; the remains of another 
Diplopterns from Gamric, — ^the most massy yet discovered 
in that locality, — seem to have composed the upper pails of 
an individual about two feet and a half in length. The fish, 
in shoil, of the lower ocean of the Old Red Sandstone, — and 
I can speak of it throughout an area wJiich comprises Ork- 
ney and Inverness, Cromarty and Gamrie, and which must 
have included about ten thousand square miles, — ranged in 
size between the stickleback and the cod ; whereas some of 
the fish of its upper occiin were covered by scales as large as 
oyster-shells, and aimed with teeth that rivalled in bulk those 
of the crocodile. Tliey must have been fish on an immensely 
larger scale than those with which the system began. There 
have»been scales of the Holoptychius found in Clashbennie 
which measure three inches in length by two and a half in 
breadth, and a full eighth part of an inch in thickness. There 
occur occipital plates of fishes in the same formation in 
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Moray, a full foot in length by half a foot in breadth. The 
fragment of a tooth still attached to a piece of the jaw, found 
in the sandstone clifis that overhang the Findhom, measures 
an inch in diameter at the base. A second tooth of the same 
formation, of a still larger size, disintornnl by Mr Patrick 
Duft'from out the conglomenites of the Scat-Ci*aig, near Elgin, 
and now in liis j)ossession, measures two in 'lies in length by 
lather more than an inch in diameter. (Set* IMate X., fig. 
4.) There occasionally turn up in the sandstones of Pi'illi- 
shire iohthyodonilites that in bulk and appeamnee resembU» 
the teeth of a harrow rounded at the eilges by a few iiauiths’ 
wear, and which must have been atbudied to tins not inferior 
in geneml bulk to the doi^yd tin of an orilinary -sized por- 
poise. In shuri, the reinuins of a Patagonian bnrying-grouiul 
woiihl scarcely contnist more stnuigly with the remaiiw (»f 
that battle-field descrilx'd by Addison, in wliicli tlie jiigmies 
were annihilated by the cniues, than tlie organisms of tlie 
upper fonnatiou of the Old lied Sandstone coutraat with 
those of the lower.* 

Of this upper foraatiou, the most chamctcristic ainl most 
aimndaiit ichtliyolitc, a.s ha.s been already sjiid, is the IJolop- 
iychiuR, The large scales and plates, and the huge teeth, Ix*- 
long to this genus. It was fii-st introduced to the notice of 
geologists in a paper read before the Wernerian Society in 
May 1 830, by Professor Fleming, and published by him in 
the February of the following year, in “ Check’s Edinburgh 

* I havo permitted this paragraph to remain as originally written, though 
the comparatively recent discovery of a gigantic 7/o?op<ycAttt4 (?) in the 
Lower Old Red Sandstone of Thui*so, by Mr K^eit Dick of that placo 
(see introductory note), bears shrewdly against its general lino of state- 
ment. But it will at least servo to show how largo an amount of negative 
evidence may be dissipated by a single positive fact, and to inculc&te on 
the geologist the necessity of cautious induction. An individual Bolopty- 
Chius of Tliui'so must have been at least thrice the size of the Jlofoptpchius 
of the Upper Old Bed formation, as ojdiibited in the specimen of Mr Noblo 
of St Madocs. 
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JourmiV’ Only deUvcted scales and the fragment of a tooth 
Iiad «is yet been found ; and these he minutely described as 
such, witliout venturing to hazard a conjecture regarding the 
character or family of the animal to which they had belonged. 
They were submitted some years after to Agassiz, by whom 
they were referred, though not without considerable hesita- 
tioii, to the genus (Jyroleins ; and the doubts of both natural- 
ists seiwe to show how very unceiiain a guide mere analogy 
proves to even men of the first order, when brought to bear 
on organisms of so strange a type as the ichthyolites of the 
Old Rod Sandstone. At this stoge, however, an almost en- 
tire s})ecimen of the creature was discovered in the sandstones 
of Ciasliheniue, by the Rev. James Noble of St Madoes, a 
g(.*ntleman wlio, by devoting his leisure hours to geology, has 
(‘xtended the knowledge of this upper formation, and w'hose 
name has been attached by Agassiz to its chamcteristic fossil, 
now designated the Ifoloptychhis Nohilis^imiis, His speci- 
men at once decided that the creature had been no Gyrohpis^ 
hut the representative of a new genus, not less strangely 
organized, and quite as unlike the eidstences of the present 
time, as any existence of all the past. So marked are the 
])ecidiaritics of the Uoloptychms, that they strike the com- 
monest ol)S(»rvor. 

The scales are very chaiMctcristic. They are massy ellip- 
tical plates, scarcely loss bulky, in proportion to their extent 
of suiface, than our smaller copper coin, composed internally 
of bone and externally of enamel, and presenting on the one 
side a porous structure, and on the other, when well pi'e- 
served, a bright glossy surface. The upper or glossy side is 
the more chai'actenstic of tlio two. I have placed one of 
them .before me. Imagine an elliptical ivory counter, an 
inch and a half in length by an inch in breadth, and nearly 
an eighth part of an inch in thickness, the larger diameter 
forming a line which, if extended, would pass longitudinally 
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from head to tail through the animal which the scale covcreiL 
On the upper or anterior margin of this elliptical counter, 
imagine a smooth selvedge or boixier three-eighth parts of an 
inch in breadth. Beneath this border there is an inner bor« 
der of detached tubercles, and beneath the tubercles large 
undulating furrows, whicli stretch longitudinally towards the 
lower end of the ellipsis Some of these waved furrows run 
unbroken and scixarate to the bottom, some merge into their 
neigblx»uring furrows at acute angles, some bmiich out and 
again unitt?, like streams which enclose islands, ami some 
break into chains of detached tubercles. (See Plate X., iig. 
3.) No two scales exactly resemble one another in tin* mi- 
nuter peculiarities of their sculjiture, if I may st) speak, just 
as no two pieces of lake or sea may be rougbeiied after exactly 
the same paticni during a giih‘ ; and yet in genend appear- 
ance they are all wonderfully alike. Their sti/fv of sculpture 
the wane, — a sitde whicli has sometimes reinindctl me of 
the liUnic knots of our ancient north-countiy obelisks. Such 
Wius the scale of the creature. (Sec Note K) Tlie licad, 
which was small compared with tlie size of tlio body, was 
covered with bony plates, roughened after a patteni somewhat 
different from that d the scales, being tuberclc«l rather than 
ridged ; but the tubercles present a confluent apjieanuice, 
just as chains of hills may be described as coiiffueiit^ the bas(j 
of one hill running into the base of another. The operculum 
seems to have been covered by one entire plate, — a peculi- 
arity observable, as has been remarked, among some of tlie 
ichthyoUtes of the Lower Old Red Sandstone, such as tlu? 
Diplopterus, Dipterus^ and Ositolepis, And it^ too, lias its 
fields of tubercles, and its smooth marginal selvedge or bor- 
der, on which the lower edges of the upper occipital plates 
seem to have rested, just as in the roof of a slated building 
part of the lower tier of slates is overtopped and covered by 
the tier abovei The scales towards the tail suddenly dimi- 
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nish at the ventral fins to about one-fourth the size of those 
on the upper part of the body; the fins themselves are cover- 
ed at their bases, which seem to have been thick and fleshy, 
like the base of the pectoral fin in the cod or haddock, with 
scales still more minute ; and from the scaly base the rays 
diverge like the radii of a circle^ and terminate in a semicir- 
cular outline. The ventrals are placed nearer the tail, ^ys 
Agassiz, than in any other ganoid fish. (See Plate X, fig. 2.) 

But no such description can communicate an adequate con- 
ception to tlic reader of the strikingly picturesque appearance 
of the noloptyrhitL8y as shown in Mr Noble’s splendid speci- 
men. Thci*c is a general massiveness about the separate por- 
tions of the creature, that imparts ideas of the gigantic, in- 
dependently of its bulk as a whole ; just as a building of mo- 
flerate size, when composed of very ponderous stones, ha.s a 
more imposing effect than much larger buildings in which the 
stones arc smaller. The body measures a foot across, by two 
feet and a half in length exclusive of the tail, which is want- 
ing ; but the armour in which it is cased might have seiwed 
a crocodile or alligator of five times the size. It lies on its 
back, on a mass of red sandstone ; and the scales and plates 
still retain their bony colour, slightly tinged with rt'd, like 
the skeleton of some animal that had lain for years in a bed 
of feiTuginous marl or clay. The outline of the occipital por- 
tion of the specimen forms a low Gothic arch, of an intenne- 
diatc style betw'cen the round Saxon and the pointed Nor- 
man. This arch is filled by two angular pane-like plates, 
separated by a vertical line^ that represents, if I may use the 
figure, the dividing astragal of the window ; and the itnder 
jaw, with its two sweeping arcs or branches, constitutes the 
fmmC. All of the head which appears is that under portion 
of it which extends from the upper part of the belly to the 
snout The ^elly itself is thickly covered by huge carved 
scales, that, from their massiveness and regular arrangement^ 
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Temmd one of the flags of an ancient stone-roof. I'liv wan - 
ing varies as they descend towaixls the tail, being more in tin; 
ridged style below, and more in the tubercled style aboviJ. 
So &irly does the creature lie on its back, that the ventral 
fins have &llen equally, one on each side, and, from their 
semicircular form, remind one of the two pouch-holes in a 
lady’s apron, with their laced flai)s. The entiro outline of 
the fossil is that of an elongated ellipsis, or rather spindle, a 
little dmwn out towards the caudal extremity. The places 
of all the fins are not indicated, but, as shown by other sju'ci- 
mens, they seem to have been crow'ded together towards tin* 
lower extremity, like those of the Glyptoleim^ an ichthyolit<^ 
w’hieh in more than one respect Iloloptychivs must have 
resembled, and wdiich, fi'oin tliis peculiarity, prc.st‘nts a l»rusli- 
like appearance, — the head and shoiddei-s represcuitiiig the 
liandle, and the largo and thickJy-clustererl fins the spreading 
bristles. * 

Some of the oo<Mj)ital horns of the lloloptyrhlvs ni*e very 
ctiriuus and very puzzling. Tlierc are pieces rounded at one 
of the ends, somew'hat in the manner of the neek-joiuts of 
our better-known fpiadinipcds, and which have? been mistiikcm 
for vertebra?, but which present evidently, at the ajq>arent 
joint, the enamel peculiar to the outer surface of all the plates 
and scales of the creature, and wliich belongcjd, it is i)rohable, 
to the snout. There are saddle-shaped bones, too, which haw 
lieen regarded as the central occipital plates of a new species 
of Coccostem^ but whose style of confluent tubercle belongs 
evidently to the Holoptychiua. The jaws are exceedingly 
curioua They are composed of as solid bone as wc usually 
find in the jaws of mammalia ; and the outer surfaces which 
is covered in animals of commoner structure with portions 

* There are now six species of Bolr^ptyckiw enumerated,— IT. ilnder- 
soni, H. Flemingii, U, gigcmtcu$, B, Murchiaoni, B^Bohilwimw, and 
B, Omaliuaii. 
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of the facial integuments, we find polished and japanned, and 
fretted into tubercles. The jaws of the creature, like those 
of the Osteolepia of the lower formation, were naked jaws ; 
it is, indeed, more than probable that all its real bones were 
so, and that the internal skeleton was cartilaginoua A row 
of thickly-set pointed teeth ran along the japanned edges of 
the mouth, — wliat in fish of the ordinary construction would 
be the lips ; and inside this row there was a second and 
widely-set row of at least twenty times the bulk of the other, 
and which stood up over and Ix^yond it, like spires in a city 
over the rows of lower buildings in front A nearly similar 
disposition of teeth seems also to have characterized the iTo- 
lopti/rkius of the Coal Measures, but the contrast in size was 
somewhat k^ss marketl. One of the most singularly-formed 
bones of the fonnation will be found, I doubt not, w'hen per- 
fect specimens of the uj)per part of the ci'eature shall be pro- 
cured, to have belonged to the Iloloiitychius. It is a huge 
ichthyodorulite, formed, box-like, of four nearly rectangular 
planes, terminating in a pointy and ornamented on two of the 
sides by wiiat in a work of ai-t the reader w'ould at once term 
a species of Chinese fix-t-w ork. Along the centre there runs 
a lino of lozenges, slightly tinincated where they unite, just 
as in plants that exliibit the cellular texture the lozenge- 
shapeil cells may be .said to be tiuncated. At the sides of 
the ccntnil line there nin lines of half-lozcnges, which occupy 
the space to the edges. Each lozenge is marked by lines 
pamllel to the lines which describe it, somewhat in the man- 
ner of the plates of the toitoise. The centre of each is thickly 
tubercled ; and what seems to have been the anterior plane 
of the iclithyodoiTilite is thickly tubereled also, — both in the 
styl<i of the occipital plates and jaws of the lloloptyckius. 
This curious bone, which seems to have been either hollow 
inside, or, what is more probable^ filled with cai'tilag^ mea- 
sures, in some of the larger specimens, an inch and half across 
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at the base on its broader planes, and rather more than hulf 
an inch on its two narrower ones.* 

Geologists haye still a great deal to learn rqiarding the 
contemporaries of the Hotoptyehivs NobUiuiTiws^ The lower 
portion of .that upper formation to which it more especially 
belongs, — the portion represente<l in our second ppumid by 
the conglomerate and s^gjidstone bar, — tliough un&vourable 
to the preseiTation of animal remains, represent assuredly 
no ban’en period. It has been found to contain bodies ap- 
parently organic, that vary in shape like the 8j>ong(!s of our 
existing seas, which in general appearance they somewhat r*- 
semble, but whose class, and even kingdom, are yet to lix."!* 


* Thia bone has boon since as&igiiod by Agawiz to a now guims, whicli 
no other fragmontrt have yet been found, but which ban been named provi- 
tfionally Placothorax paradoxus. 

Those organisms, if in reality' anch, aro at onco very curious and wry 
puzzling. They occur in somo locjUitius in grout abundance. A piece of 
CTashbcnnio flagstone, somewhat more than two feet in length hy fifteen 
inches in breadth, kindly sent mo for examination by the Rev. Mr Noble 
of St Madoes, bears no fewer than twelve of them on its upper surface, and 
presents the apiiearance of a jiioco of rude Hculpturo, not veiy uuUko Ihosti 
we sometimes see in country churebyards, on tho baubstones of the times 
of the Revolution. All tho twelve vary in uipcaraiico. Some of them are 
of a iKsar slui]>e,— some aro irregularly <ival,-- some rcHcmblo short cuts of 
the bole of a tree, — some aro spread out like ancient manuscripts partially 
uni’oUed,— one of the number seems a huge though not over-ncutly formed 
acorn, an apprentice mason’s first attempt, — the others are of a 8bai>e so 
irregular as to set comparison and description at defiance. They almost 
all agree, however, when cut transversely, in presenting flat elliptical arcs 
as their sectional lines,— in having an upx>er surface ccjmjiaratively smooth, 
and an under surface nearly parallel to it thickly con*ugatod,— and in being 
all coated with a greasy shining clay, of a deeper rod than the surrounding 
stone. I was perhaps rather more confident of their ^ganio character aftor 
1 had examined a few merely detached sjiccimonB, than now that I have 
seen a dozen of them together. It seems at least a circumstance to awaken 
doubt, that though they occur in various positions on the slab, — some ex- 
tending across it, some lying diagonally, some running lengthwise, — ^the 
corrugations of their under surfaces should run lengthwise in all,— fuiTow- 
ing them in every possible angle, and giving evidence, not apparently of 
the influences of an organic law internal to each, but of the operation of 
some external cause acting on tho whole in one direction. 
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It coutains, besides, in considerable abundance, though in a 
state of very imperfect preservation, scales that differ from 
those of the Hcloptychiu^ and from one another. (&e of 
these, figured and described by Professor Fleming in *‘Oheek*s 
Edinburgh Journal” bearing on its upper surface a mark 
like a St Andrew’s cross, surrounded by tubercled dottings, 
and closely resembling in external appearance some of the 
scales of the common sturgeon, may be refen-ed with some 
probability,*^ says the Professor, “ to an extinct species of the 
genus AccijiCiisery* The deposit, too, abounds in teeth, va- 

* May I crave the atioation of ilio reader to a Lrief staiemeni of fact? 

I have said that Profeaaor Fleming, when he minutely described the scales 
of the Iloloptychius, hazarded no conjecture regarding the generic charac- 
ter of the creature to which they had belonged ; he merely introduced 
them to the notice of the public as the scales of some ** vertehrated animal, 
probably those of a fish.’* I now state that be described the scales of a 
contemporary ichihyolite as bearing in external a]>pcaranco a ** close re- 
Heiiiblanco to some of the scales of the common sturgeon.** It has been 
a^serted, that it was the scales of the Holoptycfiius which ho thus described, 

** roferi'iog them to an extinct species of the genus Accipenur and the 
asHoi-tiun has been extensively credited, and by some of our highest geolo-* 
gical authorities. Agassiz himself, evidcutly in the belief that the Profes- 
sor had fallen into a palpable error, deems it necessary to prove that the 
Ifofoptyckius could have home ** uo robation to the or sturgeon.*’ 

Mr Murchison, iu hia ** Silurian System,** refers also to the supposed mis- 
tiike. The persou with whom the misunderstouding seems to have origi- 
nated is the Hov. Dr Anderson of Newburgh. About a twelvemonth after 
the discovery of Professor Fleming in the sandstones of Drumdryan, a si- 
milar discovery was made in the sandstones of Clashbonuie by a geologist 
of Perth, who, on submitting his now-fuuud scales to Dr Anderson, con- 
cluded, with the Doctor, that they could not bo other than oyst€r-thelU ; 
though eventually, on becoming acquainted with the decision of Professor 
Fleming regai'ding them, both gentlemen were content to alter their opi- 
nion, and to regard them as scales. The Professor, in his |iapcr on the Old 
Bed Sandstone iu *' Chock's Journal,’* referred iDcidentaliy to the oyster- 
shells of Claahbennic,— a somewhat delicate subject of allusion ; and in Dr 
Anderson's paper on the same formation, which appeared about seven years 
after an the ’’New Journal** of Professor Jameson, the geological world 
was told, for the first time, that Professor Fleming had described a scale 
of ClariilMnnie similar to those of 2}rumdryan ft. those of the Holo^y- 
chituj, as bearing a ” close resemblance to some of the scales on the ooxn- 
mon sturgeon,” and as probably referrible to some ” extinct specios of the 
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rioHS SEDongli in their forms to indicate a ooiresponding variefy 
of fiunilies and genera among the ichthyolites to which they 
belonged. Some are nearly straight, like those of the Hdop- 
tyckius of the Coal Measures ; some are bent^ like the beak 
of a hawk or eagle, into a hook-form ; some incline firet in 
one direction, and then in the opposite one, like nails that 

genus Aceipen^er,^ Kow, Professor Fleming, instomi of stating that^ the 
scales wci*e at all similar, had stated very pointedly that they wore entire- 
ly different ; and not only had he described thorn os diflVront, hut he had 
a,\eo figured thorn ns different, and had placed the figures side hy side, that 
the difference might bo the Ijetter seen. To the paper of the Professor 
'which contained this shiteuieiit, and to which these figures were aiUtclicd, 
Dr Anderson referred, as ** read before the Wernerian Society — he 
quoted from it in the Professors wonis, — lie drew some of the inon* iinisut- 
ant facts of his own paper from it, — in his late Kssavtm the t Jeology <if 
Fife he has availed himself of it still more largely, though wiih no acknow- 
ledgment,— it has ''onstitut<‘d, in short, by far the iimst vuliia)jle of all his 
discoveries iu connection with the tMd Hed Sandstone, and apjKirfiitly the 
moat minutely examined ; and yet so completely did he fail to d» tect Pro- 
fessor Fleming’s carefully-drawn distinction betw'oeii tlie scales of the //o* 
loptychius and those of its contemporary, that when Agassiz, misled appa- 
rently by the Docbir s own statement, bud set himself to show that the 
*Bca!y giant of the formation could have been no sturgeon, the Doctor had 
the passage in which the naturalist established the fact transferriMl into a 
Fife nowspa])cr, with, of cours*', the laudable intention of preventing the 
Fife public from faUixig into the absurd mistake of Professor Flomiug. 
There seems to be something rather inexplicable in this ; but there can be* 
little doubt Dr Anderson could satisfactoiily cxjdaiQ the 'N^diolo uiattc'r 
'without once referring to the oyster-shells of Clashbcnnio. It is impro- 
bable, that he could have wished or intended to injure the reputation of a 
gentleman to whose freely-imparted instnictions he is indebted for by much 
the greater portion of his geological skill,— whoso remarks, written and 
spoken, ho has so extensively appropriated in his several papers and es- 
says,— and whose cliaractcr is kuow'n far beyond the limits of his country, 
for untiring research, philosophic discrimination, and all thoqualitios which 
constitute a naturalist of the highest order. Dr Johnston of Berwick, in 
his History of British Zoophytes*’ (a work of an eminently sbioutifio cha- 
racter), justly “ ascribes to the labours and writings** of Professor Flomiug 
no small -share in diffusing that taste for Natural History which is now 
abroad.*’ And as an interesting corroboration of the fact, I may state, that 
Dr Malcolinson of Madras lately found an elegant Italian translation of 
** Fleming’s Philosophy of Zoology” high in repute among tho elite of 
Borne. Lest it should be supposed I do Dr Anderson injustice in thosu 
remarks, I subjoin the grounds of them in the following extracts from 
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liaye been drawn out of a board bythe carpenter at two several 
wrenches^ and bent in opposite angles at each wrench ; some 
are bulky and squat^ some long and slender ; and in ^dmost 
all the varieties, whether curved or straight, squat or slim, 
the base is elegantly striated like the flutiiigs of a column. 
In the splendid specimen found in the sandstones of the Find- 

PrSfosBor Floxning's paper in ** Chock’s Journal,” and from the paper in 

Jameson’s Now Ediubuigh Journal,” in which tho Doctor pur|K>rt« to 
give a digest of the former, without once referring, however, to the periodi- 
cal ill which it is to bo found 

** In the summer of 1827»” says Dr Fleming, *’ I obtained from Drum- 
dryau quarry, to tho south of Cupar, situate in the higher strata of yellow 
sandstone, coiiaiu organisms, which I readily rcfeiTcd to the scales of rer- 
tebrated aiiiinulH, probably those of a fish. The largest (see Plato IL, fig. 
1, *fi(;ure of a scaU of Hit Uolopiychiyui) was one inch and one-tenth in 
length, about one inch and two-tenths in breadth, and not exceeding the 
fiftieth of an inch in thickness. Tho part which, when in its natural posi- 
tion, bail been imbedded in tho cuticle, is comparatively smooth, exhibit- 
ing, however, in a very distinct manner the scmicircularly-porallel layers 
of growth, with obsolete divci'giug stria*, giving to tho surface, when under 
a lens, a reticulated aspect. The part naturally exposed is marked with 
longitudinal, W’avcd, rounded, anastomosing ridges, which are smooth and 
glossy. The whole of tho inside of tho scale is smooth, though exhibiting 
with tolerable distinctness tho layers of grow'th. The form and structure 
of the object indicated plainly enough that it bad been a scale, — a conclu- 
sion confinued by tho detection of the phosphate of lime in its composition. 
At this (leriod 1 inserted a short notice of the occurrence of these scales in 
uiir provincial newspaper, the Fift JItrald, for the purpose of attracting 
tho attention of the workmen and others in tho neighbourhood, in order 
to securo tho preservation of any other specimens which might occur. 

*' Nearly a yeai* after those scales bad been discovered, not only in tho 
upper, but even iu some of tho lower beds of tho Yellow Sandstone, I was 
informed that oytttr-ihelU had been found in a quarry in the Old Bod Sand- 
stone at Clashbouuie, near Erix)!, iu Pcrthshii'e, and that specimens wei'o 
in the possession of a gentleman in Perth. Interested in tho intelligence, 
I lost no time in visiting Perth, and was gratified to find that the supposed 
oyster-sheMs wero in fact similar to thoso which I had ascertained to occur 
in a higher part of the series. The scales wero, however, of a larger size, 
some of tiiem exceeding three inches in length and one-eighth of an inch 
in thickness. Upon my visit to the quony, 1 found tho sealos, as in the 
Yellow Sandstone, most abundant in those parts of the rock which exhi- 
bited a brecciated aspect. Many patches a foot in length, full of scales, have 
occurred ; but as yet no ontiro impression of a fish has bean obtained. 

** Another scale, DIFFBBIBG FBOK THOSE ALBBADT HOTICBD (see Plato 
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horn, the tooth is still attached to a portion of the jaw, and 
shows, from the nature of the attachment, that the creature 
to which it belonged must have bt>cu a true fish, not a re|>- 
tile. Tlie Siune ptoidiarity is observable in twi» other very 
fine specimens in the collection of Mr Patrick Duff of Elgiiu 
Both in saurians and in U>othed cetaccas such as the iK)ipoise, 
the teeth are inserted in sockets. In the ichthyolites of this 
formation, so far us these are illustnited by its bettor spo 
cimens, the teeth, as in existing fishes, are merely jdaced fiat 
upon the jaw, or in shallow pits, which seem almost to indi- 
c-ate that the contrivance of sockets might be afterwards rt^ 
sorted to. Immediately over the sjindstone and conglome- 
rate belt in which those orgjmism.s occur tlu^re rests, as has 
been said, a band of limestone, and over the limestone a thick 
bed of yellow sandstone, in which the systi*m terminates, and 
which is overlaid, in turn, by the lower boils of the carboiii- 
ft‘rou.s group. 

The limestone band is unfo.s.siliferouR, and, r(‘Sf*mbling in 
mineralftgical cluiractcr the Conistoiies of England and WaleSj 
it has been descriljod a.s the Corimtonc of Scotland ; but the 

IT., fig, 3, * figure of an ohlong (uherchd plate travereed diagonally hy lines, 
which, hisecting one anoihera liWt above the centre, rcscMbles a St Andrew*s 
cross, and marked on the edges hy faintly radiating lines^ ), is afiout .an inch 
and a quarter in length and an inch in breadth, lii uxtomal appearance 
it bean a veiy cloac resemblance to some of the scales on the common stur- 
geon, and may with some probability l>c referred to an extinct siiocies of 
the genus Accipenser”---** Check's Edinburgh Journal,” Feb. 18.31, p. 86. 

** Dr Fleming, in 1830,” says Dr Audei'son, “ read hcsfDre the Wcniorinn 
Society a notice * on the occurrence of scales of vertobrated animals in the 
Old Red Sandstone of Fifeshirc.’ Those organisms, tki desci-ilHid by him, 
occurred in the Yellow Sandstone of Drnmdryan and the Omy^Sandstouo 
of Parkhill. From the former locality scales of a fish were obtained. . • . 
The same paper [Professor Fleming’s] contains a notice of HIMILAR 80ALI8 
in the Old Red Sandstone of Clashbonnio, near Errol, in Perthshire, DVB 
OF WRIOB is described as bearing * a very close resomblanco to some of the 
scales on the common sturgeon, and may with some probability be referred 
to an extinct species of the genus Aceipenser* ”— ** Professor Jameson's 
Edinburgh New Philosophical Journal,” Oct. 1837, p* 138. 
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fact merely furnishes one illustration of many, of the inade- 
<}mioy of a mineralogical nomenclature for the purposes of the 
geologist In the neighbourhood of Cromarty the lower for- 
mation abounds in beds of nodular limestone, identical in ap- 
pearance with the Comstone ; in England similar beds occur 
so abundantly in the middle formation that it derives its name 
from them ; in Fife they occur in the upper formation exclu- 
sively. Thus the formation of the Coccoateus and Dipterus 
is a Comstone formation in the first locality ; that of the 
Cephahisins and the gigantic lobster, in the second ; that of 
the llolcptychiua NobUiasimuSy in the third. We have but 
to vaiy our field of observation, to find all the foimations of 
the system Cornatmie fornwtiona in turn. Tlie limestone band 
of the upper member presents exactly similar appeamnces in 
Momy as in Fife, It is in both of a yellowish-green or gi*ay 
colour, and a concretionary structure, consisting of softer and 
harder poi*tions, that yield so unequally to the weather as to 
exhibit in exposed clifis and bouldei’s a brecciated aa|)ect, as 
if it had been a mechanical, not a chemical deix>sit, though 
its origin must unquestionably have been chemicaL It con- 
tains minute crystals of galena, and abounds in masses of a 
cherty, siliceous substance, that strike fire with steel, and 
which, from the manner in which they am incoiqKjrated with 
the rock, show that they must have been formeil along with 
it Fmni this circumstance, and from the genei'al I'esembhmce 
it beat's to tlie dcjtosits of the thermal waters of volcanic dis- 
tricts which precipitate siliceous mixed with calcareous ntat- 
ter, it has been suggested, and by no meim authority, that it 
must havb derived its origin fi'om hot springs. The bed is 
sovend yards in thickness ; and os it appears both in Moray 
aucUin Fife, in localities at least a hundred and twenty miles 
apart, it must have been formed, if formed at all in this man- 
ner, at a period when the volcanic agencies w'ore in a state of 
activity at no great distance from the surface. 
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The upper belt of yellow stone, the terminal layer «>f the 
pyramid, is fossililerous l)oth in Moray and Fife, — moi'e richly 
^ so in the latter county than even the conglomerate belt that 
underlies it ; and its organisms are better preserved ^ It was 
in this upper layer, in Dramdryan quarry, to the soutli of 
Cupar, that Professor Fleming foimd the firstnlisoovercd scales 
of the Iloloptychius, At Dura Den, in the same neighbour- 
hootl, a singularly rich dqiosit of animal remains was laid 
open a few yciu-s ago by some workmen, when employed in 
excavating a water-coum* for a mill. The organisms lav 
crowded together, a single slab containing no fewer than 
thii-ty specimens, and all in a singularly perf(‘ct state of pre- 
servation. The whole space excavated did not exceed f(»rty 
s<piare yards in extent, and yet in these forty yaids there 
wei’e found several geneni of fishes new to gi*oh;gy, and not 
yet figured nor descrihed, — a coaeJusive proof in itM*lf that 
we liave still very mnch to learn regarding the fossils of the 
Old lied *SiiiKlfttoiie, liy niucli the greater portion of the re- 
mains di>inteiTcd on this oecasioii were prest*rved hy a lady 
in the neighl»oiu hood ; and tlic news of the discovery sproail- 
ing over tlie district, the llev. Dr Anderson of Newburgh 
w'aa fortunately knl to discover them anew in her possesshm. 
The most abundant organism of the group was a variety of 
PtericJifhi/8j — the sixth species of tliis very curious g(‘ims now 
discovered in the Old Red Sandstones of Scotland ; and Jis 
the Doctor had been lucky enough to find out for himself, 
some years before, that the 8C4ile8 of the lloloptychiua were 
oyster-shells, he now ascertained, with quit® as little assist- 
ance from without, that the Pterichthys must have been surely 
a huge beetle. As a beetle, therefore, he figured and doscrilj- 
ed it in the pages of a Glasgow topographical publicatiou, — 
“ Fife Illustrated.” True, the characteristic elytra were want- 
ing, and some six or seven tubercled plates substituted in 
their room ; nor could the artist, with all his skill, supply 
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tlui creature with more than two legs; but ingenuity did 
much for it notwithstanding ; and^ by lengthening the snouts 
insect-like, into a pointy— ^ projecting an eye, insect-like^ on 
what h4^ mysteriously grown into a head, — ^by rounding the 
l)ody, insect-like, until it exactly resembled that of the large 

twilight shard/’ — ^by exa^erating the tubercles seen hr pro- 
file on the paddles until they stretched out, insect-like, into 
bristles, — and by carefully sinking the tail, which was not 
insect-like, and for wliich no possible use could be discovered 
at the time, — the Doctor succeeded in making the Pieriehihys 
of Dura Den a very respectable beetle indeed. In a later 
publication, an Es.say on the Geology of Fifeshire, which ap- 
p<^iretl in September last in the “ Quai*terly Journal of Agri- 
cultui*e,” he states, after refen-ing to his foi-mer description, 
that among the Idglier geological authorities some were dis- 
posed to regard the creature as an extinct ciustaceous ani- 
mal, and some as belonging to a tribe closely allied to the 
Cheloiila, Agassiz, as the writer of these cliapters ventured 
some months ago to predict, has since pionounced it a fisli, 
— a Pterichthys specifically different fiom the five varieties 
of this ichthyolite which occur in the lower formation of the 
system, but generically the same. I very lately enjoyed the 
pleasure of examining the hona fide ichthyolite itseli^ — one 
of the specimens of Diim Den, and api^arently one of the 
more entire, — in the collection of Professor Fleming. Its 
character as a Ptericldhys I found very obvious ; but neither 
the Professor nor mpelf was ingenious enough to discover in 
it any trace of the beetle of Dr Andcraoii.* 

^ This intorosting ichthyolito has since been regimled by Agassis as the 
rcpi-osentati VO of a distinct genus, to which ho gives the name PampJkractw. 
As d&hibited in his restoration, however, it seems to differ little, if at aU 
(if 1 may venture the suggestion), from a Pterichthps viewed on the upper 
side. In Agassiz's beautiful restoration of Pterichthps, and his accompany- 
ing prints of the fossils illustrative of that genus, it is, with but one doubt- 
ful exception, the und^r side of the animal that is presented ; and henoe a 
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Is it not interesting to find tbis very curious genus in Loth 
tlie lowest and highest fossiliferous beds of the system, and 
constituting, like the Trilobite gop^us of the Silurian groufi, 
its most characteristic oiganism t (See Note M.) ^he Tri- 
lobite has a wide geological range, extending from the u[»jH*r 
Cambiian I'ocks to the tipper Coal Measures. But though 
the range of the g(*uu.s is wide, that of every individual .s|)c- 
cies of which it consists is very limited The Trllobites of 
the upper Coal Measures differ from tliose of the Mountain 
Limestone ; these again, with but one exception, from the 
Trilohifes of the upper Silurian strata ; these yet again from 
the TrilobUes of the underlying middle beds ; and those from 
the Trilohited that occur in the base of the system. Like the 
coins and medals of the antiquary, each represents its oivn 
limited period ; and the whole taken together yield a conse- 
c iitive record. But while we find them merely scattered 
over the latter formations in which they occur, and that very 
sparingly, in the Silurian System we find them congregated 
in such vast crowds, that their remains enter largely into the. 
composition of many of the rocks which compose it The 
Trilobite is the distinguishing organism of the group, many- 
ing, if I may so express myself, its upper and lower boils ; 
and what the Trilobite is to the Silurian formations, the Pter~ 
ichihys seems to be to the formations of the Old Bed Sand- 
•stonc j with this difference, that> so far as is yet known, it is 
restricted to tJiis system alone, occurring in neither the Si- 
lurian System, below, nor in the Coal Measures above. 

I am but imperfectly acquainted with the localities in whicli 

Htriking difibrence apparent between his representations of the two genera, 
which would scarce obtain had tho upper, not the under side of Pterichthyt 
been exhibited. In verification of this remark, let tfto reader who has 
access to tho ** Monographic Poissons Fossilcs” compare the restoration of 
Paiwphractus (“ Old Red,” Table VI,, fig, 2), with the upper sideof Plerich- 
thya as figured, in tliis volume, Plato I., fig. 1, making, of coui’se, the duo 
allowance for a difference of species. 
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the uppor beds of the Old Bed Sandstone underlie the lower 
beds of the Coal Measures, or where any gradation of cha- 
racter appeara The upper yellow sandstone belt is exten- 
sively developed in Moray, but it contains no trace of car- 
bonaceous matter in even its higher strata, and no other re- 
mains than those of the Iloloptychius and its contemporaries. 
The system in the North of Scotland difTci's as much from 
the carboniferous group in its upper as in its lower rocks ; 
and a similar difference has been remarked in Fife, where the 
groupes appear in contact a few miles to the west of St An- 
drews, In England, in repeated instance^ the junction, as 
shown by Mr Murchison in singularly instructive sections, 
is well marked, the carboniferous limestones resting confor- 
mably on the upper Old Bed Sandstone. No other system 
interposed between them. 

There is a Babbiiiical tradition that the sons of Tubal-Cain, 
taught by a prophet of the coming deluge^ and luiwilling tliat 
their father’s arts shoidd be lost in it to posterity, erected two 
< obelisks of bi*ass, on which they inscribed a record of his dis- 
coveries, and that thus the learning of the family survived 
the cataclysm. The flood subsided, and the obelisks, scul]i- 
tured from pinnacle to base, were found fast fixed in tlie 
rock. Now, the twin pyramids of the Old Red Sandstone, 
with their imi’ty-coloured bars and their thickly-crowded in- 
scriptions, belong to a period immensely more remote than 
that of the columns of the antediluvians, and they bear a 
more certain record. 1 have perhaps dwelt too long on their 
various compartments ; but the Artist by whom they have 
been erected, and who lias preserved in them so wonderful a 
chronicle of his earlier works, has ^^ulled surely that they 
should be read, and I have perused but a small portion oi 
the whole. Yeara must pass ere the entire record can be 
deciphered ; but of all its curiously-inscribed sentences, the 
•result will prove the same, — they will all be found to testify 
of the Infinite Mind. 
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CHAPTER X. 


Speculations in the Old Red Sandstone, and their Character— George, first 
Earl of Cix>mariy— Uis Sagacity as a Naturalist at fault in one instance 
—Sets himself to Dig for Coal in the Lower Old Red Sandutoue — Disco- 
vers a fine Artesian AVcll — Value of Geological Knowledge in an Econo- 
mic View— Scarce a Secondary Formation in the Kingdom in which Coal 
has not been nought for — Minorah Springs of the Lower Old Red Sand- 
stone— Strathpeffer — Its Peculiarities, whence derived — Chalybeate 
Spriugs of Easter Ross and the Black Isle — Petrifying Springs— Build- 
ing-Stone and Lime of the Old Red Sandstone — Its Various Soils. 

There has been much money lost, and a good deal won, in 
speculations connectetl with the Old Rod Sandstone, The 
speculations in wliich money has been won ha\'o consorted, 
if I may so speak, with the chaiiwrtei of the system, and those 
in which money has been lost have not. Instc*ad, however, 
of producing a fijrmal chapter on the economic uses to which 
its various deposits have been applied, or the unfortunate un- 
dertakings which an acquaintance with its geology would have 
prevented, I shall throw together, as they occur to me, a few 
simple facts illustrative of both. 

George, first Earl of Cromarty, seems, like his namc.sak(* 
and contemporary, the too celebmtod Sir George McKenzie 
of Roseavoch, to have been a man of an eminently active and 
inquiiTng mind. He found leisure, in the course of a very 
busy lifc^ to write several historical dissertations of great re- 
search, and a very elaborate “ Synopsis ApocaJ^j^tica.’^ He 
is the author, too, of an exceedingly curious letter on the 
Second Sight,’* addressed to the philosophic Boyle, which 
contains a large amount of amusing and extraordinary fact ; 
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and his description of the formation of a peat-moss in the 
central Highlands of Boss-shire has been quoted by almost 
every naturalist who, since the days of the sagacious noble- 
man, has written on the formation of peat. His life was 
extended to extreme old age ; and as his literary ardour re- 
mained undiminished till the last, some of his writings were 
produced at a period when most other men are sunk in the 
iiicurioua indifferency and languor of old age. And among 
these later productions are his remarks on peat. He relates 
that, when a very young man, he had marked, in pa.ssing on 
a journey through the central Highlands of Boss-shire, a 
wood of very ancient trees, doddered and moss-grown, and 
evidently paasing into a state of death through the last stages 
of decay. He had been led by business into the same dis- 
trict many years after, when in middle life, and found that 
the wood had entirely disappeared, and that the heathy hol- 
low which it had covered was now occupied by a green stag- 
nant morass, unvaried in its tame and level extent by either 
bush or tree. In his old age he again visited the locality, 
and saw the green surface roughened with dingy-coloured 
hollows, and several Highlanders engaged in it in cutting peat 
in a stratum several feet in depth. What he had once seen 
an aged forest had now become an extensive peat-moss. 

Some time to^vards the close of the seventeenth centuiy 
he purchased the lands of Cromarty, where his turn for mi- 
nute obseiwation seems to have anticipated — little, however, 
to his own profit — some of the later geological discoveries. 
There is a deep wooded ravine in the neighbourhood of the 
town, traversed by a small stream, which has laid bare^ for 
the space of about forty yards in the opening of the hollow, 
the gray sandstone and stratified clays of the inferior fish-bed. 
The locality is rather poor in ichthyolites, though I have 
found in it, after minute search, a few scales of the Osteot^isy 
and on one occasion one of the better-marked plates of tlie 
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Coccosteus ; but in the vegetable impressions pcciili;ir to tlio 
formation it is very abimdaut These are invariably carbo- 
naceous, and are not \infrequently associated >vith iniuut(3 
patches of bitumen, which, in the harder specimens, })rcsont a 
coal-like appeaiance ; and the vegetable impressions and the 
bitumen seem to have misled the sagacious nobleman into the 
belief that coal might be foimd on his new property. He 
accordingly brought miners from the south, and set them to 
bore for coal in the gorge of the ravina Though^ere was 
probably a register kept of the various strata through which 
they passed, it must have long since been lost ; but, from my 
acquaintance with this portion of the formation, as shown in 
the neighbouring sections, where it lies uptilted against the 
granite gneiss of the Sutors, I think I could pretty nearly 
restore it They would first have had to pass for about thirty 
feet through the stratified clays and shales of the ichthyolite 
bed, with here and there a thin band of gray sandstone, and 
here and there a stratum of lime ; they would next have had 
to penetrate througli from eighty to a hundred feet of coars<3 
red and yellow sandstone, the red greatly predominating; 
they would then have entered the gi*cat conglomerate, the 
lowest member of the formation ; and in time, if they con- 
tinued to urge their fruitless laboui-s, they would arrive at 
the primary rock, with its belts of granite, and its veins and 
huge masses of hornblende. In short, there might be some 
possibility of their penetrating to the central fire, but none 
whatever of their ever reaching a vein of coal. From a cu- 
rious circumstance, however, they were prevented from ascer- 
taining by actual experience the utter barrenness of the for- 
mation. 

Directly in the gorge of the ravine, whe^a we may see the 
partially-wooded banks receding as they ascend from the base 
to the centre, and then bellying over from the centre to the 
summit^ th^ is a fixm chalybeate spring, surmounted by a 
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dome of hewn stona It was discovered by the miners when 
in quest of the mineral which they did not and could not dis- 
cover, and i'orms one of the finest specimens of a true Artesian 
well which I have anywhere seen. They had bored to a con- 
siderable depth, when, on withdrawing the kind of auger used 
for the purpose, a bolt of water, which occupied the whole 
diameter of the bore, came rushing after, like the jet of a foun- 
tain, and the work was prosecuted no further ; for, as steam- 
engibes were not yet invented, no pit could have been wion|^t 
with so large a stream issuing into it ; and as the volume 
was evidently restricted by the size of the bore, it was im- 
possible to say how much greater a stream the source might 
have supplied. The spring still continues to flow towards 
the sea, between its double row of cresses, at the rate of about 
a hogshead per minute, — a rate considerably diminished, it 
is said, from its earlier volume^ by some obstruction in the 
bora The waters are not strongly tinctured, — a conse-' 
quence, perhaps, of their great abundance ; but we may see 
every pebble and stalk in their course enveloped by a ferru- 
ginous coagulum, resembling burnt sienna, that has probably 
been disengaged from the dark red sandstone below, which 
is known to owe its colour to the oxide of iron. A Greek 
poet would probably have described the incident as the birth 
of the Naiad : in the north, however, which in an earlier age 
had also its Naiads, though, like the fish of the Old Bed Sand- 
stone, they have long since become extinct, the recollection 
of it is merely preserved by tradition, as a curious, though 
by no means poetical fact, and by the name of the well, which 
is still known as the well of the coal4ieug1i ^ — ^the old Scotch 
name for a coal-pit. Calderwood tells us, in his description 
of a \^olent tempest which burst out immediately as his per- 
secutor, James YL, breathed his last, that in the south of 
Scotland the sea rose high upon the land, and that many 
^^coal-hmgh were drowned.” 
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There ia no science whose value cun ho iidoqiiatt ly esti- 
mated by economists and utilitarians of tlie lower orth r. Its 
true quantities cannot be represented by arithmetical figures 
or monetaiy tables ; for its eifects on mind must be as surely 
taken into account as its operations on matter, and what it 
has accomplished for the human intellect, as certainly as what 
it has done for the comforts of society or the interests of com- 
merce* ‘Who can attach a marketable value to the disco- 
veries of Newton 1 I need hardly refer to the often^quoted 
remark of Johnson : the beauty of the language in which it 
is couched has rendered patent to all the truth which it 
conveys. “ Whatever withdraws us from the power of the 
senses,” says the moralist, — “ whatever makes the post, the 
distant, or the future, predominate over the present, — advan- 
ces us in the dignity of thinking beings.” And geology in a 
peculiar manner supplies to the intellect an exercise of tliis 
ennobling character. But it has also its cash value. * The 
time and money squandered in Great Britain alone in search- 
ing for coal in districts where the well informed geologist 
could have at once pronounced the sejircli hopeless, would 
much more than cover the expense at which geological re- 
search has been prosecuted throughout the world. There are 
few districts in Britiin occupied by the secondary deposits, 
in whicli, at one time or another, the attempt has not been 
made. It has been the occasion of enormous expenditure in 
the south of England among the newer formations, wliere 
the coal, if it at all occurs (for we occasionally meet with wide 
gaps in the scale), must bo buried at an unapproachable depth. 
It led in Scotland, — in the northern county of Sutherland, 
— ^to an unprofitable working for many years of a sulphureous 
lignite of the inferior Oolite^ far above th% true Coa^ Mea- 
sures. The attempt I have just been describing was made 
in a locality as far beneath them: There is ^e scene of 
another and more modem attempt in the same district^ on 
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th<^ shores of the Moray Frith, in a detached patch of Lias, 
where a fossilized wood would no doubt be found in consi- 
derable abundance, but no continuous vein even of lignite. 
And it is related by Dr Anderson of Newburgh, that a fruit- 
less and expensive search after coal has lately been instituted 
in the Old Bed Sandstone beds which traverse Stratheam 
and the Carse of Qowrie^ in the belief that they belongs not 
to the Old, but to the New Bed Sandstone^ — a fomiatiott 
which has been successfully perforated in prosecuting a simi- 
lar search in various parts of England. All these instances^ — 
and there are hundreds such, — show the economic importance 
of the study of fossils. The Oolite has its veins of apparent 
coal on the coast of Yorkshire, and its still more amply de- 
veloped veins, — one of them nearly four feet in thickness, — 
on the eastern coast of Sutherlandshiro ; the Lias has its co- 
niferous fossils in great abundance some of them convei*ted 
into a lignite wliich can scarce be distinguished from a true 
coal ; and the bituminous masses of the Lower Old Bed, and 
its carbonaceous markings, appear identical, to an unpractised 
eye, wdth the impressions on the carboniferaus sandstones, 
and the bituminous masses wliich they too are occasionally 
found to enclose. Nor does the mineralogical character of 
its middle beds difiev in many cases from that of the lower 
membera of the New Bed Sandstone. I have seen the older 
rock in the north of Scotland as strangly saliferous as any of 
the newer sandstones, of well nigh as bright a brick-red tint, 
of os friable and mouldering a texture, and variegated as 
thickly with its specks and streaks of green and buffcolour. 
But in all these instances there ai-e strongly characterized 
groupes of fossils, which, like the landmarks of the navigator, 
or the findings of his quadrant, establish the true place of 
the formations to which they belong. Like the patches of 
leather, of scarlet, and of blue, which mark the line attached 
to the deep-sea lead, they show the various depths at whidi 
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WO arrive. The Earls of Sutherland set themselves to cshil)- 
lish a coal-work among the cliaml)ereil univalves of the Oolite, 
and a vast abundance of its peculiar bivalves. The coal- 
borers who perforated the Lias near Cromarty passctl every 
day to and from tlieir work over ono of the richest deposits 
of animal remains in the kingdom, — a deposit full of the most 
characteristic fossils ; and drove their auger through a thou- 
sand belemnites and ammonites of the upper and inferior 
Lias^ and through gryphitea and ichthyodorulites innume- 
rable. The sandstones of Stratheam and the Carso of (Cow- 
rie jield their plates and scales of the HclaptychiuSy the most 
abundant fossil of the Upper Old Red ; and the shale of the 
little dell in which the first Earl of Cromarty set his miners 
to work contains, as I have said, plates of the Coceoiteus 
and scales of the Osteolepisy — ^fossils found only in the Lower 
Old Bed. Nature in all these localities furnished the index, 
but men lacked the skill necessaiy to decipher it* I may 

* There occurs in 2fr Murchison's “ Silurian System" a singularly amus- 
ing account of one of the most unfortunate of ail coal-boring entorprises ; 
the unlucky projector, a Welsh farmer, having set himself to dig for coal 
in the lowest member of the system, at least six formations beneath the 
only one at wbicli the object of his search could have boon found. Mr 
Murchison thus relates the story : — 

** At Tin-y-coed I found a credulomi farmer ruining himself in excavat- 
ing a horizontal gaUery in search of coal, an ignorant miner being his engi- 
neer. The case may serve as a striking example of the eoalboring mani.'i 
in districts which cannot by possibility contain that mineral ; and a few 
words concerniBg it may therefore prove a salutary warning to those who 
speculate for coal in the Silurian rocks. The farm-house of Tin-y-coed is 
situated on tho sloping sides of a hill of trap, which throw off, upon its 
north-western flank, thin beds of black grauwacke shale, dipping to the 
weit-north-west at a high angle. The colour of the shale, and of the water 
that flowed down its sides, the pyritous veins, and other vulgar symptoms 
of coal-boaring strata, had long convinced the farmer that ho possessed a 
large hidden mass of coal, and, unfortunately, a sma)^ fragment of real on- 
thradte was discovered, which burnt like the best coal. Miners wbro sent 
for, and operations commenced. To sink a shaft was impracticable, both 
from the want of means, and the large volume of water. A slightly-in- 
clined gallery was therefore commenced, the month of which was opened 
at the bottom of the hill, on the side of the little brook which waters the 
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nicution tliat, independently of their well-marked organisms, 
there iu a simple test through which the lignites of the newer 
formations may be distinguished from the true coal of the 
carboniferous system. Coal, though ground into an impaljv 
ablc powder, retains its deep black colour, and may be used 
as a black pigment ; lignite, on the contraiy, when fully levi- 
gated, assumes a reddish, or rather umbiy hue. 

1 have said that the waters of the well of the coal-heugh 
are chalybeate^ — a probable consequence of their infiltration 
through the iron oxides of the superior beds of the forma* 
tion, and their subsequent passage through thodeep red strata 
of the inferior bed. There could be very curious chapters 
written on mineral springs, in their connection with the for- 
mations through which the^ pass. Smollett's masterpiece^ 
honest old Matthew Bramble, became thoroughly disgusted 
with the Bath waters on discovering that they filtered through 
an ancient burying-ground belonging to the Abbey, and that 
much of their peculiar taste and odour might probably be 

dell. I have already stated, that in many cases, where the intrusive trap 
throws off the shale, the latter preserves its natural and unaltered condi- 
tion to within a certain distance of the trap ; and so it was at Tin-y-coed, 
for the level proceeded for 156 feet with little or no obstacle. Mounds of 
soft black shale attested the rapid progress of the adventuren, when snd- 
deDly they came to a ' change of metal.’ They were now approaching the 
nucleus of the little ridge ; aud the rock they encountered was, as the men 
informed me, ' as hard as iron,’ viz., of lydianized schist, precisely analo- 
gous to that which is exposed naturally in ravines where all the phenomena 
are laid bare. The deluded people, however, endeavoured to penetrate 
the hardened mass, hut the vast expense of blasting it*put a stop to the 
undertaking, not, however, without a thorough oonviotion on the part of 
the farmer, that, could he but have got through that hard stuff, he would 
most surely have been well recompensed, for it was just thereabouts that 
they began to find * sma/l veins of eooL' It has been before diown that 
portions of anthracite are not uufrequent in the altered shale, where it is 
in contact with the intrusive rook. And the ooeofrenoe of the smallest 
portion of anthracite is always sufiicieDi to lead the Badnorshire fisimer to 
suppose that be is very near * El Dorado.’ Amid all their failiures, I never 
met with an individual who was really disheartened ; a frequent ozdama- 
tion being, ‘ Oh, if our squires were only men ofspiriit we should have ae 
fine coal as any in the world !’ Silurian System,” part i., p. 
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owing to the “ rotten bones and mouldering cajeassea * 
through which they were strained. Some of the springs of 
the Old Bed Sandstone have also the churchyard tastes but 
the bones and carcasses through which they strain are much 
older than those of the Abbey buiying-ground at BatL The 
bitumen of the strongly impregnated rocks and clay-beds of 
this formation, like the bitumen of the still mote strouf^y 
impregnated limestones and shales of the lias, seems to have 
had rather an animal than vegetable origin. The shales of 
the Eathie Lias bum like turf soaked in oil, and yet they 
hardly contain one per cent of v^etable matter. In a single 
cubic ineb, however, 1 have counted about eighty molluscous 
organisms, mostly ammonites, and minute striated scallops ; 
and the mass, when struck with the hammer, still yields the 
heavy odour of animal matter in a state of decay. The lower 
hsh-beds of the Old Bed are in some localities scarcely less 
bituminous. The fossil scales and plates which they enclose 
burn at the candle ; they coiitiiin small cavities filled with a 
strongly-scented semi-fluid bitumen, a.s adhesive as tar, and 
as inflammable ; and fljr many square miles together the bed 
is composed almost exclusively of a davk-colourcd, scmi-cal- 
careous, semi-aluminous schist, scarcely less fetid, from the 
great quantity of this substance which it contains, than the 
swine-stones of England. Its vegetable remains bear but a 
small proportion to its animal organisms ; and from huge ac- 
cumulations of these last decomposing amid the mud of a still 
sea, little disturbed by tempests or currents, and tlicn sud- 
denly interred by some widely-spread ca^strophe, to ferment 
and consolidate under vast beds of sand and conglomcmte, 
the bitumen* seems to have been elaborated. These bitu- 

w 

* ** In the Rlatj schisis of Seefeld, in the Tyrol/’ says Messrs Sedgwick 
and Murchison, ** there is such an abundance of a similar bitumen, Uwt 
it is largely extracted foi* medicinal pnrposea.”— *^GeoL Trans, for 1829,” 
p.l34t. 
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minoi^ HcliistSj largely charged with sulphuret of iron, run 
far into the interior, along the flanks of the gigantic Ben 
We vis, and through the exquisitely pastoral valley of Strath- 
peifer. The higher hills which rise over the valley are formed 
mostly of the great conglomerate^ — ^Knockferril with its vi- 
trified f9rt^ the wooded and precipitous ridge over Kahan, 
and the middle eminences of the gigantie mountain on the 
north ; but the bottom and the lower slopes of the valley are 
occupied by the bituminous and sulphureous schists of the 
fish*bed ; and in these, laigely impregnated with the peculiar 
ingredients of the formation, the &mous medicinal springs of 
the Strath have their rise. They contain, as shown by che- 
mical analysis, the sulphates of soda, of lune^ of magnesia, 
common salt, and, above all, sulphuieted hydrogen gas^ — 
elements which masses of sesrmud chained with animal mat- 
ter would yield os readily to the chemist as the medicinal 
springs of StrathpefTer. Is it not a curious reflection, that 
the commercial greatness ef Britain in the present day should 
be closely connected with the towering and thickly-spread 
forests of arbomceous ferns and gigantic reeds, — ^vegetables 
of strange form and uncouth names, — ^which flourished and 
decayed on its surface age after age during the vastly-ex- 
tended term of the carboniferous period, ere the mountains 
were yet upheaved, and when there was as yet no man to till 
the ground ? Is it not a reflection equally curious, that the 
invalids of the present summer should be drinking health, 
amid the recesses of Stmthpeffer, from the still more ancient 
mineral and animal debris of the lower ocean of the Old Red 
Sandstone, strangely elaborated for vast but uni'eckoned pe- 
riods in the bowels of the earth ? The fact may remind us 
of opie of the specifics of a now obsolete school of medicine, 
wliich flourished in this country about two centuries ago, and 
which included in its maieria medica portions of the human 
frame. Among these was the flesh of ]p;gyptiau mummies 
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impri^piated if iili the <^balimng droga^ — ^the dried jpuscledi 
and amewB of homan ereatorea 'vAo had ifalked in the streets 
of Thebes or of Luxor three thousand years ago, 

The commoner mineral springs of the formation, as might 
be antiripated ftom the very general diffusion of the oxide 
to which it owes its colour, are chalybeata There are dis- 
tricts in Easter Boss and the Black Isle in which the travel- 
ler scarcely sees a runnel by the wayside that is not half- 
choked up by its fox-coloured coagulum of oxida Two of 
the most strongly-impregnated chalybeates with which I am 
acquainted gush out of a sandstone-bed, a few yards apart, 
among the woods of Tarbat House, on the northern shore of 
the Frith of Cromarty. They splash among the pebbles with 
a half-gurgling, half-tinkling sound, in a solitary but not un- 
pleasing recess, darkened by alders and willows ; and their 
watei's, after uniting in the same runnel, form a little melan- 
choly-looking lochany matted over with weeds, and edged with 
flags and rushes, and which swarms in early summer with 
the young of the frog in its tadpole state, and in the after 
months with the black water-beetle and the newt The 
circumstance is a somewhat curious one, as the presence of 
iron as an oxide has been held so im&yourable to both ani- 
mal and vegetable life, that the supposed poverty of the Old 
Bed Sandstone in fossil remains has been attributed to its 
almost universal diffusion at the period the deposition was 
taking place. Were the system as poor as has been alleged, 
however, it might be questioned, on the strength of a fact 
such as this, whether the iron militated so much against the 
living existences of the formation, as against the preservation 
of their remains when dead. 

Some of the springs which issue from the i^thyolite beds 
along the shores of the Moray Frith are largely charged, not 
with iron, like the well of the coal-heugh or the springs of 
Tarbat Houses nor yet with hydrogen and soda, like the spa 
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of Stnwfchpeffer, but with cazbonate of Wheu empbyed 
for domeatio pfusposes^ they dhoke up^ in a few yean^ with a 
atony depoeitbiii the qKmta of tea*kettlea On a simOar 
principle; they plug up their older channel and then bi^ 
out in new ones j nor is it uncommon to find among the cliflb 
little hollow recesses, long since divested of their waters by 
this process, that are still thickly surrounded by coral-like 
incrustations of moss and lichens, grass and nettle-stalks, and 
roofed with marble-like stalactites. 1 am acquainted with 
at least one of the springs of very considerable volume, and 
dedicated of old to an obscure Roman Catholic saint, whose 
name it still bears (St Bennet), which presents phenomena 
not unworthy the attention of the young geologist It comes 
gusliing from out the ichthyolite bed, where the latter ex- 
tends, in the neighbourhood of Cromarty, along the shores of 
the Moray Frith ; and, after* depositing in a stagnant morass 
an accumulation of a grayish-coloured and partially consoli- 
dated travertin, escapes by two openings to the shore, where 
it is absorbed among the sand and gravel. A storm about 
three years ago swept the beach several feet beneath its ordi- 
nary level, and two little moles of conglomerate and sand- 
stone, the work of the spring, were found to occupy the two 
openings. Each had its fossils, — comminuted searshells and 
stalks of hardened moss ; and in, one of the moles I found 
imbedded a few of the vertebral joints of a sheep. It was a 
recent formation on a small scale, bound together by a calca- 
reous cement furnished by the fish-beds of the inferior Old 
Red Sandstone, and. composed of sand and pebbles, mostly 
from the granitic gneiss of the neighbouring hill, and organ- 
isms, vegetable and animal, from both the land and the sea. 

The Old Red Sandstone of Scotland has been extensively 
employed for the purposes of the architect, and its limestones 
occasionally applied to those of the agriculturist. As might 
be anticipated in reference to a deposit so widely spread, the 
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bolli its sandstones and its lime is fennd to wy 
exceedingly in even the same beds when examined in diffisr- 
ent localitiesi Its inferior conglomerate for instance in the 
neighbourhood of Cromarty^ weathers so rapidly, that a fenco 
built of stones furnished by it little more than half a century 
ago has mouldered in some places into a mere grass-covered 
mound. The same bed in the neighbourhood of Inverness 
is composed of a stone nearly as hard ai^d quite as durable as 
granite, and which has been employed in paving the streets 
of the place, — a pui*pose which it serves as well as any of the 
igneous or priniaiy rocks could have done. At Redcastlo, on 
the northern shore of the Frith of Beauly, the same conglo- 
merate assumes an intermediate character, and forms, tliough 
coarse, an excellent building-stone, which, in some of the 
older ruins of the district, presents the marks of the tool as 
sharply indented as when under the hands of the workman. 
Some of the stindstone beds of the system are strongly salife- 
rous ; and these, however coherent they may appear, never 
resist the weather until first divested of their salt. The main 
ichthyolitc bed on the northern shore of the Moray Frith is 
overlaid by a thick deposit of a finely-tinted yellow sandstone 
of this character, which, unlike most sandstones of a mould- 
ering quality, resists the frosts and storms of winter, and 
wastes only when the weather becomes warm and diy. A 
few days of sunshine afiect it more than whole months of 
high winds and showers. The heat crystallizes at the sur- 
face the salt which it contains ; the crystals, acting as wedges, 
throw off minute particles of the stone ; and thus, mechani- 
cally at least, the degrading process is the same as that to 
which sandstones of a different but equally jjaferior quality 
are exposed during severe frosts. In the course of years, 
however, this sandstone, when employed in building, loses its 
salt; crust after crust is formed on the surface,. and either 
forced off by the crystals underneath, or washed away by the 
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rains ; and than the stone ceases to wast^ and gathers on its 
weathered inequalities a protecting mantle of lidiena* The 
most Taluable quarries in thtf Old Bed System of Scotlahd 
yet discovered are the flagstone quarries of Gaithness and Car- 
mylia The former have been opened in the middle schists 
of the lower or Tilestohe formation of the system ; the latter, 
as I have bad occasion to remark ofbencr than once, in the 
Comstone or middle formation. The quarries of both Car- 
mylie and Oaitliness employ hundreds of workmen, and their 
flagstones form an article of commerce. The best building- 
stone of the north of Scotland, — best both for beauty and 
durability, — is a pure quartzose sandstone furnished by the 
upper beds of the S3^stem. These are extensively quanied 
in Moraj^, near the village of Burghead, and exported to all 
parts of the kingdom. The famous obelisk of Forres, so in- 
teresting to the antiquary, — ^which lias been described by some 
writers as formed of a species of stone unknown in the dis- 
trict, and which, according to a popular tradition, was trans- 
ported from the Continent, — ^is evidently composed of this 
quartzose sandstone, and must have been dug out of one of 
the neighbouring quarries. And so coherent is its texture, 
that the stoims of perhaps ten centuries have failed to obli- 
terate its inide but impressive ijulptures. 

The limestones of both the upper and lower formations of 
the system have been wrought in Moray with tolerable suc- 
cesa In both, however, they contain a considerable jier cent- 

* Whon left to time, the process is a tedious one, and, ere its aooom- 
plishmeut, the beauty of the masonry is always in some degree destroyed. 
The following passage, from a popular work, points out a mode by which 
it might possibly be anticipated, and the waste of surface prevented : — 

** A hall of which the walls were constantly damp, though every means 
were employed to keep them diy, was about to be pulled down, when M. 
Schmiihall recommended, as a last resouroe, that the walls should bo wash- 
ed with sulphuric acid (vitriol). It was done, and the deliquescent salts 
being decomposed by acid, the walls dried, and the hall was afterwards 
fieo firom dampness .*’ — ** Becreations in ScieLco.” 
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age of silioeoiis and argillaceous earth. The system, though 
occupying an intermediate place between two metalliferous 
deposits, — the grauwacke and the carboniferous limestone, — 
has not been found to contain workable veins anywhere in 
Britain, and in Scotland no metallic veins of any kind, with 
the exception of here and there a few slender threads of iron- 
stone, and here and there a few detached crystals of galena. 
Its w'ealth consists exclusively in building and paving stone, 
and in lime. Some of the richest tracts of corn-land in the 
kingdom rest on the Old Bed Sandstone, — ^the agricultuml 
valley of Stmthmore, for instance, and the fertile plains of 
Easter Boss : Caithness has also its deep corn-bearing soils; 
and Moray has been well known for centuries as the granary 
of Scotland. But in all these localities the fertility seems 
derived rather fram an intervening subsoil of tenacious dilu- 
vial clay than from the rocks of the system. Wherever the 
clay is wanting the soil is barren. In the moor of the Mill- 
buy, — a tract about fifty square miles in extent, and lying 
within an hour’s walk of the Friths of Cromarty and Beauly, 
— a thin covering of soil rests on the sandstones of the lower 
formation. And so extreme is the ban’enness of this moor, 
that, notwithstanding the advantages of its semi-insular situ- 
ation, it was suffered to lie as an unclaimed common until 
about twenty-five years ago, when it was parcelled out among 
the neighbouring proprietors. 
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CHAPTER XL 


Geological Physiognomy— Scenety of iho Primary Foimatlons; Gneiss, 
Mica Schist, Quartz Bock~Of tho Secondaiy ; the Chalk Formations, 
the Oolite, the New Bod Sandstone, the Coal Measures— Scenery in the 
^ Neighbourhood of Edinburgh— Aspect of the Trap Bocks— The Disturb- 
ing and Denuding Agencies— Distinctive Features of the Old Bed Sand- 
stone— Of the Great Conglomerate— Of the Ichthyolite Beds— The Bum 
of Eathie— The Upper Old Bed Sandstcmes— Scene in Moray. 

Physiognomy is no idle or doubtful science in connection 
with geology. The physiognomy of a country indicates al- 
most invariably its geological character. There is scarce a 
rock among the more ancient groiipes that does not affect its 
peculiar form of hill and valley. Each has its style of land- 
scape ; and as the vegetation of a district depends often on 
the nature of the underlying deposits, not only are the main 
outlines regulated by the mineralogy of the formations which 
they define, but also, in many cases, the manner in which these 
outlines are filled up. The colouring of the landscape is well 
nigh as intimately connected with its geology as the drawing. 
The traveller passes through a mountainous region of gneiss. 
The hills, which, though bulky, are shapeless, raise their huge 
backs so high over the brown dreary moors which, unvaried 
by precipice or ravine, stretch away for miles from their feet, 
that even amid the heats of midsummer the snow gleams in 
stress and patches from their summits. And yet so vast 
is their extent of base, and their tops so truncated, that they 
seem but half-finished hills notwithstanding^ — chills interdict- 
ed somehow in the forming, and the work stopped ere the 
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upper storeys had been added Ho pursues his journey, and 
enters a district of micaceous schist The hills aro no longer 
'truncated, or the moors unbroken : the heavy gtx)aud-s\vell 
of the former landscape has become a tcmjiesiuous sea, agi- 
tated by powerful winds and conflicting tides. The pictu- 
resque and somewhat fantastic outline is composed of high 
sharp peaks, bold craggy domes, steep broken acclivities, and 
deeply seiTajUd ridges ; and the higher hills seem as if set 
round with a framework of props and buttresses, that stretch 
out on every side like the roots of an ancient oak. He passes 
on, and the landscape varies : the surrounding hills, though 
lofty, pyramidal, and abrupt, are less rugged than before ; 
and the ravines, though still deep and narrow, are walled by 
ridges no longer senuted and angidai*, but comi^aintively rec- 
tilinciu* and smooth. But the vegetation is even more scanty 
than formerly ; the steeper slopes are covered with streams 
of debris, on which scarce a moss or lichen finds root ; and 
the conoidid hills, bare of soil, from tlicir summits half-way 
down, seem so many naked skeletons, that speak of the decay 
and death of nature. All is solitude and sterility. The terri- 
tory is one of quartz rock. Still the traveller passes on ; the 
mountains sink into low swellings ; long rectilinear ridges i*un 
out towards the distant sea, and terminate in bluff precipi- 
tous headlands. The valleys, soft and pastoral, widen into 
plains, or incline in long-drawn slopes of gentlest declivity. 
The streams, hitherto so headlong and broken, linger beside 
their banks, and then widen into friths and estuariea The 
deep soil is covered by a thick mantle of vegetation, — by 
forest trees of largest growth, and rich fields of com ; and 
the solitude of the mountains has given place to a busy po- 
pulation. He has left behind him the primar^regions,, and 
entered on one of the secondary districts. 

And these -less rugged formations have also their respec- 
tive styles, — ^marred and obliterated often by the Plutonio 
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agency, which imparts to them in some instances its own cha- 
racter, and in some an intermediate one, but in general dis- 
tinctly marked and easily recognised. The Chalk presents 
its long inland lines of apparent coast, Hhat send out their 
rounded headlands, cape beyond cape, into the wooded or 
corn-covered plains below. Here and there, there juts up at 
the base of the escarpment a white obelisk-like stack ; here 
and there, there opens into the interior a narrow grassy bay, 
in which noble beeches have cast anchor. There are valleys 
without streams ; and the landscape atop is a scene of arid 
and uneven downs, that seem to rise and fall like the sea after 
a storm. We pass on to the Oolite : the slopes are more 
gentle, the lines of rising ground less continuous and less 
coast-like ; the valleys have their rivulets, and the undulating 
surface is covered by a richer vegetation. We enter on a dis- 
trict of New Red Sandstone. Deep narrow ravines intersect 
elcA’ated platforms. There are lines of low precipices so per- 
pendicular and so red, that they seem as if walled over with 
new brick ; and here and there, amid the speckled and moul- 
dering sandstones that gather no covering of lichen, there 
stands up a huge altar-like mass of lime, mossy and gray, as 
if it represented a remoter antiquity than the rocks around 
it The Coal Measures present often the appearance of vast 
lakes frozen over during a high wind, partially broken after- 
wards by a sudden thaw, and then fix>zen again. Their shores 
stand up around them in the form of ridges and mountain- 
cliains of the older rocks ; and their ^ur&ces are grooved into 
flat ^'alleys and long lines of elevation. Take as an instance 
the sceneiy about Edinburgh. The Ocliil Hills and the Gram- 
pians form the distant sliores of the seeming lake or basin on 
the oqe side, the range of the Lammermuirs and the Pent- 
land group on the other ; the space between is ridged and 
furrowed in long lines, that run in nearly the same direction 
from north-east to south-west^ as if, when the binding frost 
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was first setting in, tho w ind had blown from off the northern 
or southern shore. 

But whence these abrupt precipitous hills that stud the 
landscape, and fonoi in the immediate neighbourhood of the 
city, its more striking features } They belong — to return 
to the illustration of the twice-frozen lake — to tho middle 
period of thaw, when the ice broke up ; and, as they are com- 
posed chiefly of matter ejected from the abyss, might have 
characterized equally any of the other formations. Their 
very striking foims, however, illustrate happily the operations 
of the great agencies on which, in the secondary and transi- 
tion deposits, all the peculiarities of scenery depend. The 
molten matter from beneath seems to have been injected, in 
the first instance, thi*ough rents and fissures among the car- 
boniferous shales and sandstones of tho district, where it lay 
cooling in its subterranean matrices, in beds and dikes, like 
metal in the moulds of the founder ; and the places which it 
occupied must have been indicated on the surface but by 
curves and swellings of the strata. The denuding power then 
came into operation in the form of tides and currents, and 
ground down the superincumbent rocks. The injected masses, 
now cooled and hardened, were laid bare ; and the softer 
framework of the moulds in which they had been cast was 
washed from their summits and sides, except where long 
ridges remained attached to them in the lines of the current, 
as if to indicate the direction in which they had broken its 
force. Every larger stone in a water-course, after the torrent 
fed by a thunder-shower has just subsided, shows, on the 
same piinciple, its trail of sand and shingle piled up behind 
it. The outlines of the landscape w'ere modified yet further 
by the yielding character of the basemellt of sandstone or 
shale on which the Plutonic beds so often rest. The base- 
ment cnimbled away as the tides and waves broke against it 
The injected beds above, undermined in the process, and with 
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a vertical cleavage, induced by tbeir columnar tendency, fell 
down in masses that left a front perpendicular as a wall. 
Each bed came thus to present its own upright line of preci- 
pice ; and hence — when they rise bed above bed, as often 
occurs — the stair-like outline of hill to which the trap-rocks 
owe their name ; hence the outline of the Dalmahoy Crags, 
for instance, and of the southern and western front of Salis- 
bury Crags. 

In all the sedimentary formations, the peciilianties of 
scenery depend on three circumstances,— on the Plutonic 
agencies, the denuding agencies, and the manner and propor- 
tions in wdiich the harder and softer beds of the deposits on 
which these operated alternate with one another. There is an 
union of the active and the passive in the formation of land- 
scape, — that which disturbs and gi’inds down, and that which, 
according to its texture and comix)sition, affects, if I may so 
speak, a peculiar style of being ground down and disturbed ; 
and it is in the passive circumstances that the peculiarities 
chiefly originate. Hence it is that the scenery of the Chalk 
differs from the scenery of the Oolite, and both from that of 
the Coal Measures. The Old Hed Sandstone has also its 
peculiarities of prospect, wliich vary according to its forma- 
tions, and the amount and character of the disturbing and 
denuding agencies to which these have been exposed. In- 
stead, however, of crowding its various, and, in some in- 
stances, dissimilar features into one landscape^ I shall intro- 
duce to the reader a few of its more striking and character- 
istic scenes, as exhibited in various localities, and by different 
deposits, beginning first wdth its conglomerate base. 

The great antiquity of this deposit is unequivocally indi- 
cated.by the manner in wliich we find it capping far in the 
interior, in insulated beds and patches, some of our loftier 
hills, or, in some instances, wrapping them round, as with a 
caul, from base to summit It mixes largely, in our northern 



212 


THE OLD BED 8ANDSTOXE. 


districts, with the mountain scenery of the country, and im- 
parts strength and boldness of outline to every landscape in 
which it occurs. Its island-like patches affect generally a 
bluff parabolic or conical outline; its loftier liills present 
rounded dome-like summits, which sink to the plain on the 
one hand in steep, slightly concave lines, and on the other in 
lines decidedly convex, and a little less steep. The mountain 
of boldest outline in the ‘line of the Caledonian Valley (Meal- 
forvony) is composed externally of this rock. Except where 
covered by the diluvium, it seems little friendly to vegetation. 
Its higher summits are well nigh as bare as those of the pri- 
mary rocks ; and, when a public road crosses its lower ridges, 
the traveller genemlly finds that there is no paving process 
necessary to procure a liardened surface, for his wheels mttle 
over the pebbles embedded in the rock. On the sea-coast, 
in several localities, the deposit presents striking peculiarities 
of outline. The bluff and rounded precipices stand out in 
vast masses, that affect the mural form, and present few of 
the minuter angularities of the primary rocks. Here and 
there a square buttress of huge proportions leans against the 
front of some low-browed crag, that seems little to need any 
such suppoi-t, and casts a length of shadow athwart its face. 
There opens along the base of the rock a line of rounded 
shallow caves, orsvhat seem rather the openings of caves not 
yet dug, and which testify of a period when the sea stood 
about thirty feet higher on our coasts than at present A 
multitude of stacks and tabular masses lie grouped in front, 
perforated often by squat, heavy arches ; and stacks, caverns, 
buttresses, crags, and arches, are all alike mottled over by 
the thickly-set and variously-coloured pebbles. There is a 
tmet of scenery of this strangely-marked character in the 
neighbourhood of Dunottar, and two other similar tracts in 
the fisir north, where the hill of Nigg, in Eoss-shire, declines 
towards the Lias deposit in the Bay of Shandwick, and where^ 
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in the vicinity of Inverness, a line of bold precipitous coast 
runs between the pyramidal wooded eminence which occupias 
the south-eastern corner of Ross, and the tower-like headlands 
that guard the entrance of the Bay of Munlochy. In the 
latter tract, however, the conglomerate is much less cavernous 
than in the other two. 

The sea-coast of St Vigeans, in Forfarshire, has been long 
celebrated for its romantic scenery and its caves ; and, though 
it belongs mther to the conglomerate base of the upper forma- 
tion (see Note N) than to the great conglomerate base of the 
lower, it is marked, from the nature of the materials, — ^mate- 
rials common to both, — by features indistinguishable from 
those which chameterize the sea-coasts of the older deposit Its 
walls of precipices average fiDm a hundred to a hundred and 
eighty feet in height,— no very great matter compared with 
some of our northern lines; but the clifis make up for their 
want of altitude, by their bold and pictui*esque combinations 
of form ; and I scarce know where a long summer s day could . 
well be passed more agreeably than among their wild and 
solitary recesses. The incessant lashings of the sea have 
ground them dowii into shapes the most fantastic. Huge 
stacks that stand up fi*om amid the breakers are here and 
there perfoimted by round heavy-browed arches, and cast the 
morning shadows inland athwart the cavern-hollowed preci- 
pices behind. The never-ceasing echoes reply, in long and 
gloomy caves, to the wild tones of the sea. Here a bluff 
pi*omontory projects into the deep, gi’eeii water, and the white 
foam, in times of tempest, dashes up a hundred feet against 
its face. Thei’e a narrow strip of vegetation, spangled mth 
wild flowci-s, inteiwencs between the beach and the foot of 
the cliffs that sweep along the bottom of some semicircular 
bay ; but we see, fi*om the rounded caves by which they are 
studded, and the polish which has blunted their lower angu- ^ 
laritics, that at some eai'ly period the breakers must have 
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dashed fi>r ages against their bases. The Gaylet Pol, n place 
of interest, fiom its veiy striking appeamuco, to more limn 
geologists, is connected with one of the det*p<sea promontories. 
We see an oblong hollow in the centre of a corn-field, that 
borders on the diffa It deepens as we apinoaoh and on 
reaching the edge we find ourselves standing on the verge of 
a precipice about a hundred and fifty feet in depth, and see 
the wares dashing along the bottom. On descending hy a 
somewliat precariouapatb, we find that a long tunnel-like ca- 
vern communicates with the sea, and mark, through the deep 
gloom of the jm.ssage, the sunlight playing beyond, and now 
and then a white sail passing the opening, as if flitting across 
the field of a telescope. The Gaylet Pot smns originally to 
have been merely a deep straight cave, hollowctl in the line 
of a fault by the wavi»s ; and it evidently owes its present ap- 
pearance to the falling in of the roof for alx)ut a hundred 
yards at its inner extremity. 

* We pass from the conglomerate to the middle and upper 
l>ecLs of the lower fonnation, and find scenery of a different 
character in the districts in which tlicy prevail. Tlic aspect 
is less l3old and rugged, and often nflects long hoiizoutal lines, 
that stretch away, without rise or depression, amid the sur- 
rounding inecpmlitics of the landscape, for milcfrand leagues, 
and that decline to either side, like roofs of what the archi- 
tect would term a low pitcli. The ridge of the Leys, in the 
eastern opening of the Caledonian Valley, so rectilinear in its 
outline and so sloping in its sides, presents a good illustra- 
tion of this peculiarity. The rectilinear ridge which runs 
from the Southern Sutor of Cromarty far into the interior of 
the country, and which has been compardH in a former chap- 
ter to the shaft of a's^Kar, furnishes another illustfation 
^equally apt..^ Where the sloping sides of tlieso roof-like 


* The vallejii which separate these ridges form often spacious friths and 
hays, the frequent occurrence of which in the Old Red Sandstone oonsti- 
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riilgos (](M line, as in the latter instance, towards an exposed 
scarcoast, we find the slope terminating often in an abrupt line 
of rock dug out by the waves. It is thus a roof set on walls; 
and furnished with eavea A ditch just finished by the Isr 
bourer presents regularly sloping sides^ bnt tbe^Uttle stream 
that comes running through gradually widens its by dig- 
ging furrows into the sio^ the nndermined masses ^ in 
and are swept away, and in the coarse of a few months the 
sides are no longer sloping, but abrupt And such, on a 
great scale, has been the process through which coastlines 
that were originally paved slopes have become walls of pre- 
cipices. The waves cut first through the outer strata ; and 
cveiy stratum thus divided comes to present two — a 

peqiendicular fiice in the newly-formed line of precipice^ and 
anotlicr horizontal face lying parallel to it along the shore 
Onc-lmlf the severed stmtum seems as if iising out of the sea ; 
the other half as if descending fix>m the hill : the geologist 
who walks along the beach finds the various beds presented 
in duplicate, — a bill-bed on the one side, and a sea-bed on 
the other. There occurs a very interesting instance of this 
arrangement in the bold line of coast on the northern shore 
of the Moray Frith, so often alluded to in a previous chapter 
as extending between Ae Southern Sutor and the Hill of 
Eatliie, and whicli foims the wull of a i)oi'tion of the roof- 
like ridge last describecL The sea first broke in a long line 
through strata of red and giSy shale, next through a thick 
bed of pale-yellow stone, then ilirough a continuous bed of 

tutcfl, in some localities, one of the characteristics of the system. Hark, 
iu a map of tho north of Scotland, how closely friths and estuaries lie 
crowded together between the counties of Sutherland and Inverness. In 
a lino of coast little more thou forty miles iu extent there occur four anns 
of the Boa,— tho Friths of Cromarty, Bcauly, and Dornoch, and the Bay of 
Munlocliy. Tho Frith of Tay and tho Basin of Montrose are also semi- 
marine valleys of the Old Red Sandstone. Two of the finest harbours ia 
Britain, or the world, belong to it, —Milford EUven in South Wales, and 
tho Bay of Cromarty. 
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eM6&oi clajTs and nodular iimestonoy and last of all through 
m hed» ihickw than wy of the othexs^ of indumted red sand* 
Utoneb l!he line of diflb fGmunI in this way risee abruptly 
fi»r dam! a hundindyards on the one hand ; the above stretohes 
ont for more than double the same apace on the other ; on 
both sides the beds exactly correspond ; and to ascend in the 
line of tlie strata from tiie foot of the olifE^ we have cither 
to climb the hilh or to {xisb downwards at low ebb to the 
edge of the sea. The section is of interest, not only from the 
nuttierons orgMumis, anixual and vc^getable^ which iU ichtliyo- 
lite beds contain, buC from the illuMiration which it also fur< 
nishes of denudation to a vast ex tout fixuu caus(\s still in 
active o|M?nitiotL A line of piociffiei^s » ImiulrtHl yanls in 
height tuul more tluui two miles in length ha.s bet^i dug out 
of the by the slow wear of the waves, in the iinrtH’koned 
course ot* that jK riod during which the ^^‘sent seaNvas liounded 
in this locality by the existing line of coiust. (See Frontis- 
piece, sect. 3.) 

I know not a more instnictivc w’alk for the young geo- 
logist than that furnished by the two miles of shore along 
which this section extends, Yeai-s of cxaniinatiou and iii- 
quiiy would fail to exhaust it It presents us, I have said, 
writh the numerous organisms of tile Lower Old Red Sand- 
stone ; it i>rcsents us also, towards its western extremity, with 
the still more numerous organisms of the Lower and Upi»cr 
lias ; nor are the inflections and faults which its strata ex- 
hibit less instructive than its fossils or its ^^ast denuded hol- 
low. I have climbed along its wall of cliflls during tlic height 
of a tempestuous winter tide, when waves of huge volume, 
that had begun to gather strength undcr^hc night of the 
Northern Ocean, were bursting and fT>aniing below ; and os 
the harder pebbles^ upliited by the surge, rolled by thousands 
and tens of thousands along the rocky bottom, and the work 
of denudation went on, I have thought of the remote .post) 
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when the same agoute had first begun to grind down the upper 
strata, whose brokm edges now projected hig^ over my head 
on the one hand, and lay buried fiir under ibe waves at my 
feet on the other. Almost aU moUntaiindiaii^ 
abnipter escarpments to the sea, though aqpaiated from it 
in many instances by hundreds of miles^ — a consequence^ it 
is probable, of a similar course of denudation ere they had 
attained their present altitude, or the plains at their feet had 
been elevated over the level of the ocean. Had a lim of a 
hundred feet taken place in tliis northern district in the days ^ 
of Cnjsar, the whole upper part of the Moray Frith would 
have lK‘en lai<l <liy, an<l it would now' liave soeme<I as inex- 
plicable that this iDofdikc ridge should present so rugged a 
line of wall to the distant sea, as that the Western Ghauts of 
ludui should invariably turn their stcej»est declivities to the 
basin of the Indian Ocean, or that from the Arctic circle to 
the southern extremity of Patagonia the huge mountain-chain 
of Ainericii should elevate its dizzy precipices in the line of 
the Pacific. 

Let us take another view of this section. It stretches be- 
tween two of the gniiiitic knobs or wetlgcs to which I have 
had such fi^quent occasion to refer, — the Southern Sutor of 
Cromariy and the Hill of Eatliio ; and the edges of the strata 
somewhat ri'iniiul one of the edges of a bundle of deals laid 
flatways on two stones, and bent towards the middle by their 
own weight. But their more brittle character is shown by 
the manner in wliich their ends are broken and uptilted 
against the granitic knobs on which tliey seem to rest ; and 
towards the wostem knob the wliole bundle has been broken 
across from below, and the opening oocasioneil by the frac- 
ture forms a deep savage luvine, skirted by pixH.npices, that 
runs far into the interior, and exhibits the lower portion of 
the system to well nigh its base. Will the reader spend a 
very few minutes in exploring the solitary recesses of thb 
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rocky trench, — it iiiattei*s not whether luj a scciu^hunU r or a 
geologist ? We pass onwanls along the beach thtx>ugli the 
middle Une of the denuded hollow. The natural ramjiart 
that xises on the right ascends towards the uplands in steep 
dope% lined horiaontalljr by dieep-walk% and fretted by mosqr 
knolls and churchyard-like ridges^ or juts out into abrupt 
and weathered crags^ crusted with lichens and festooned with 
i>7, or recedes into bosky hollows, roughened by tlio sloe- 
thorn, the vrild rose, and the juniper ; on the left the wide 
extent of the Moray Frith stretches out to the dim hoiizoi^ 
with its vein-like currents and its undulating lines of cof^t ; 
while before us we sec, far in the db^taiice, the blue vista of 
the Great Valley, with its double wtill of jagged and seiTaUnl 
hills, and, directly in the opening, the gray diminished spires 
of Inverness. Wc reach a hn)wii mossy stream of just vcdiime 
enough to sweep away the pebbh^ niid shells that have been 
strcwe<l in its course by the last tide ; and sec, on tiiriung a 
sudden angle, tlie precipices cleft to their base by the ravine 
that has yielded its >vaters a p;uss;igc from the interior. 

We enter along the beil of the stream. A line of mural 
precipices lises on either hand, — here advanciiig in ponder- 
ous overhanging buttre.sses, there rect»iling into deep damp 
recesses, tajwistried with i\y, and darketied with birch and 
hazel A powerful spiing, cliarged with lime, comes pouring 
by a hundred different threads over the rounded brow of a 
beetling crag, and the decaying vegetation around it is har- 
dening into stone. The cliffs vaiy their outline at every 
step^ as if assuming in successionull the various combinations 
of form that constituie tlio wild and the picturesque ; and 
the pale hues of the stone seem, when brightened by the sun, 
the very tints a painter woidd choose to heighten tlie effect 
of his shades, or to contrast most delicately with the luxuriant 
profusion of bushes and flowers that wave over the higher 
shelves and crannies. A colony of swallows have built from 
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lime iniiiiemoriiil under tlie overlianging strata of one of the 
loftier precipices ; the fox and badger harbour in the cli£b 
of the steeper and more maocessible banka As we proceed, 
die dell becomes wilder and more deeply wooded; the stream 
ftets and toils at our feet^~her^ leaping over an opposing 
ridge, — ^there struggling in a pool, — yonder escaping to the 
light from under some broken fragment of cliff There is a 
richer profusion of flowers, — a thicker mantlmg of ivy and 
honeysuckle ; and after passing a semichnnilar inflection of 
the bank, tliat waves from base to summit with birch, hazel,^ 
onfl hawthorn, we find the ])assage shut up by a peri>cndicular 
wall of rock about thirty foci in height, over which the stream 
precipitates itself, in a slender column of foam, into a dark 
mossy basin. Tlic long anus of an intemiinglod clump of 
birches and hazels stretch Imif-way across, tripling with their 
shade the apparent depth of the ixx)l, and heightening in an 
equal ratio the white flicker of the cascade, and the eflect of 
tlic bright patches of foam which, flung from the rock, inces- 
santly revolve on the etldy. 

Mark now the geology of the ravine. For about half-way 
from where it opens to the shore, to where the path is ob- 
structed by the deep mossy jx)©! and the cascade, its precipi- 
tous sides consist of tliree bars or storeys. There is first, 
reckoning from the stream upwards, a bi-oad bar of pale red ; 
then a brood bar of pale lead colour ; last and highest a 
bixMid bar of i>ale yellow ; and above aU there rises a steep 
green slope, that continues its ascent till it gains the top of 
the ridge. The middle lead-coloured bar is an ichthyolite 
bed, a place of sepulture among tlio rocks^ where the dead 
lie by myriads. The yellow bar above is a thick bed of sali- 
fotfous sandstone. Wo may see the projections on which the 
sun has beat most powerfully covered with a wliite crust of 
salt ; and it may be deemed worthy of i*emai*k, in connection 
with the ciraumstance^ that its shelves and crannies are richer 
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m Tcigetatioii tbaii those of the other hara {i^e-red 

her below is composed of a coarser and harder sandstone 
which forms an uppor moiety of the arenacoous portion of 
the great conglomenite. Now, mark furtlier, that on reach* 
ing a midway ]x>int between the beach aiui the cascade, tliis 
triple-barred lino of precipices abniptJy terminates, and a lino 
of precipices of coarse conglomerate an abriii>tly begins. I 
occi\sionally paf« a continuous wall built at two ditferent |>o- 
riods, and compose<l of two dilleivnt kinds of materials : the 
one-half of it is formed of white Siiudstone, the otlior half of 
a dark-coloured basjilt ; and the place wlauv the sandstone 
cuds and the Vwisalt begins is marked by a vortieal liiu\ on 
the one side of which all is <lark coloured, while all is of a 
light colour on the other. E^jiially inarktMl and abrupt is 
the vortical line wliicdi sepamtos tlie triple-baiTc**! from the 
conglomerate clitls of the iiiviue of Eatliie, The ravine itself 
may be describcil a.s a fault in the strata ; but here is a fault, 
lying at riglit angles with it, on a much larger scale ; the 
great conglomenite on which the triple bam rest luus been 
cast up at least two liundrwl feet, and placed side by siihs 
with them ; and yet the suriace above 1>ears no trace of tlie 
catastrophe. Denuding agencies of even greater i)Ower than 
those which liave liolh»wed f>ut the clifls of the neighbouring 
coast, or whose operations have been prolongiid thrmigh j)c- 
riods of even more extended duration, liave ground down the 
projected line of theaipheavcd mass to the level of tliij undis- 
turbed masses beside it. Now, mark further, as we ascend 
the ravine, that the grand cause of the disturhanco appears 
to illustrate, as it were, and that very happily, the manner 
in which the ^lult was originally produced. IJlio precipice 
over which the straam lcap.s at one bound into the. mossy 
hollow is composed of granitic gneiss, and seems evidently 
to have intruded itself, with much disturbance, among the 
surrounding conglomerate and sandstones. A few hundred 
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j9xdB bij^or up tbe deli there is another mnch loftier pied- 
pice of gndas^ round which we find the tneeB of still greater 
distui*banoe ; and hi^m* stilly yet a third abrupt precipice of 
the same rock. The gneiss rose^ trap-lik^ in stejM, and car- 
ried up the sandstone before it in detached squarea Each 
step has its answering fault immediately over it ; and the 
fault where the triple bars and the conglomerate meet is mere- 
ly a fault whose step of granitic gueLss stopped short ere it 
rcjachcxl the sui-faco. But the accompanying section (see 
Frontispiocc, sect 4) will }»ettcr illustrate the geology of this 
interesting ravine than it can bo illustmted by any written 
description. I may remark, ere taking leave of it, however, 
that its conglomorates exhibit a singularly large amount of 
falsi» stratification at an acute angle with the planes of the 
real stinta, and that a bwl of moulilering sandstone near the 
bise of the system may be descrilied, from its fissile character, 
as a tilost)n<;. * 

* Tboro ill a natural connection, it is uiul, between wil<! scenes and wild 
legends ; and 8<mio of tho traditions couiiccied with ibis romantic and so- 
litary dell illustrato tho remark. Till a comparatively late period it w'aa 
known at many a winter fircsido as a favourite haunt of the fairies, — the 
most poetical of all our old tribes of spectres, and at one time one of the 
most popular. I have conversed with an old woman who, when a veiy 
little girl, had seen myriads of them dancing, as the sun was setting, on 
tho further edge of tho dell ; and with a still older man, who had the te- 
merity to otTor one of them a pinch of snuff at the f(x>t of the cascade. 
Nearly a mile from where the ravine opens to the sea it assumes a gentler 
and more pastonil character ; the sides, no longer precipitous, descend to- 
wards the stream in green sloping banks ; and a beaten path wluch runs 
between Cromarty and Rosemarkie winds down tho one side and ascends 
the other. More than sixty years ago, one 2>onald Caldor, a Cromarty 
shopkooper, was journeying by this path shortly after nightfall. The moon, 
at foil, bad just risen ; but there was a silvery mist sleeping on the lower 
grounds, that obscured her light ; and the dell, in all its extent, was so over- 
cliaigod by the vapour, that it seemed an immense oveiffoodcd river wind- 
ing through tho landscape. Donald bad reached its farther and 
ouuld bear tho rush of the stream from tho deep obscurity of the abyss be- 
low, when there rose from the opposite side a strain of the most deligbtfol 
music ho had ever board. Ho stayed and listened. The words of a song^ 
of such simple beauty that they seemed without effort to stamp thmnselvee 
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I know coraparativoly little of tlio aconory i»f tin' nuil'lle 
or Cornstone formation. Its featuroH in England are lH*ld 
and striking ; in Scotlaml, of a tamer anil more varioiw cha- 
racter. The Den of Baliniddery is a sweet wooded dell, mark- 
on kto mmoigft aune walled in the omae ; and the obonu, in which a 
thouMid iinyvoieet wemed to jidn, waa a familiar addtece to hiiaailf^ 
**Hey, Donald Calder; ho^ Donald Calder.” ** There am Dane of my Kip 
rity acquaintance/* thought Douald, ** who ting like that. Wha can it 
her He deeceuded into the cloud ; hut tn paming the little stream the 
music ceased ; and on reaching the spot on which the finger had seemed 
stationed, be saw only a bare bank sinking into a solitary moor, unvaried 
by either hush or hollow in which the musician might have lain concealed. 
He had hardly time, however, to estimate the msrvols of the oaio when 
the music again struck up, hut on the opposite side of the doll, and appa- 
rently from the very knoll on which ho hod so recently listened to it. The 
conviction that it could not bo other than supernatural overfHiworcd him ; 
and he hurried homewards under the infliteocoof a tern>r so oxirciuo, that, 
unfortunately for our knowletlgc of fairy literature, it bad iho otfect of 
obliterating from memoiy every part of the song except the cU(»rus. 
The sun rose as ho reached Crt>marty ; aiul he found that, instead of hav* 
iog lingeroil at the edge of the deli fV»r only a few minutes, ^-and the time 
had seemed no longer, —be had NfsiUt Wsi<le it tho greater iwiri i^f the night. 

The fairies have dev-Mirtod the Burn of Katliie ; but wo have prty>f r|uito 
as conchisive as the nature of tho case admits, that when they ceasml 
be seen there, it would have Iwcn vain Ut have lookinl for them anywhere 
else. There is a cluster of turf-built cottages grou|»ed on the southern side 
of the ravine ; a few scattered knolls and a long partially wooded hollow, 
that seems a sort of eovered-wray leading to the recesses of tho doll, inter- 
pose between them and tho nearer edge, and tho hill rises l>ohind. On a 
Sabbath morning, nearly sixty yean ago, the inmates of thin litilo harolot 
had all gone to church, all except a hord-boy, and a little girl, his sistor, 
who were lounging beside one of the cottages ; when, just as the shadow 
of the garden-dial had fallen on the line of noon, they saw a lung cavalcado 
ascending out of tho ravine through the wooded liollow. It winded among 
the knolts and bushes ; and, turning round the noHlicm gable of the cot- 
tage beside which the solo spectators of the scene were stationed, began to 
ascend the eminence toward the south. Tho horses were shaggy, diminu- 
tive things, speckled dun and gray ; tho riders, stiintod, misgrown, ugly 
creatures, attired in antique jerkins of plaid, long gray cluaks, and little 
red caps, from under which their wild uncombed locks shot out over their 
cheeks and foreheads. The boy and hii sister stood gazing in utter disAnay 
and astonisbmeDt, as rider after rider, each one more uncouth and dwarf- 
ish thim the one that had preceded it, paned the cottage, and disappeared 
among the brushwood which at that period covered the hill, until at length 
the entire route, except the last rider, who lingered a few yards behind 
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oJ l»y no cliaractoriHtic peculiarities. Many of the seeming 
{lecuHantif's of ilie formation in Forfarshire, as in Fife, may 
lie traced to the disturbing trap. The appearance exhibited 
is that of uneven plains, that rise and &11 in long undulating 
ridges, — an appearance which any other member of the qrs- 
tommight have presented. Wefind the upper formation as- 
sociated with scenery of great thon^ often wild beauiy ; and 
nowhere is this more strildngly the case than in the province 
of Moray, where it leans against the granitic gneiss of the up- 
lands, and slopes towards the sea in long plains of various 
fertility, — deep and rich, as in the neighbourhood of Elgin, 
or singularly bleak and unproductive, as in the far-famed 
“ heath near Forres.’* Let us select the scene where the Find- 
hom, after hurrying over ridge and shallow amid combina- 
tions of rock and wood, wildly picturesque as any the king- 
dom afibrds, enters on the lower country, with a course less 
headlong, through a vast trench scooped in the pale red sand- 
stone of the upper formation. For miles above the junction 
of the newer and older rocks the river has been toiling in a 
narrow and uneven channel between two upright walls of 
hanl gray gneias, thickly traversed, in every complexity of 
pattern, by veins of a light-red large-grained granite. The 
gneiss abruptly tenninate.s but not so the wall of precipicea 
A lofty front of gneiss is joined to a lofty front of siindstone, 
like the front walls of two adjoining houses ; and the broken 
and uptilted strata of the softer stone show that tlie older 
and harder rocks must have in\'tuled it from below. A little 
farther down the stream, the strata assumes what seems, in 
a short extent of frontage, a horizontal position, like courses 
of ashlar in a building, but which, when viewed in tlie range, 

the olhen, ha<l gone by. ** What are ye, little mannie ? and where are ye 
going V* inquired the boy, hU oiirioaity getting the better of his fears and 
his prudence. ** Not of the race of Adam,” said the creature, turning for 
a moment in his saddle : ** the People of Peace shall never more be seen in 
Bootlaud.” 
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is found to incline at a low anf;1e towards the distant x 
Here, as in many otluT Itx'uHtii^s, tlie younjjj gtHilogist ino t 
giianl against the conclusi<»n that the nu'k is nooossarily Ionc 
in die geoiogioal scale which ho finds resting against th ’ 
gneiss. Tlie gneiss, occupying a voi^' dith'n'nt place from 
that on which it was originally funned, has botm thnist into 
close neighbourhood with widely-separated fonnations. The 
great conglomer^ base of the qnatem rests ox&t it in Orkney, 
Guihnesa, Bosa^ Cronuurty, and Invemess ; and there is no 
trace of what should be the interrening grauwacke. The 
upper formation of the system leans upon it here* We find 
the Lower Lias uptilted against it at the Hill of Eathic, — ^tho 
great Oolite on the casteni coast of Suthifrlaud ; and as the 
flints and chalk-fossils of BanlF and Abcixleen are found lying 
inime<liatcly over it in these coimties, it is prohablo that the 
deniulcd mcmbei’s of the Cretaceous group once rc'sted upon 
it there* The fact that a de|H)sit sliould he found lying in 
contiict w’ith the gneiss furnishes no argument for the great 
antiquity or the fundainentiil chnnicier of that <lejK>8it ; and 
it were well that the geologi.’it who sets hiinsidf to estimate 
the depth of the Old Rc<l Sandstone, or the Huceession of ita 
various foimations, should keep th«' circumstance in view. 
That may be in reality but a hmull and upper pr»rtion of the 
system which he finds lK»und(Ml by the gneiss on its under 
side, and by the dilu>iuiu on its iqipcr. 

We stand on a wooded eminence, that sinks pcrpcmlicu- 
larly into the river on the Icfl:^ in a muml j>rcci[>icc, and de- 
scends with a billowy swell into the broad fertile jdain in 
front, as if the uplands were breaking in one vast wave upon 
the low countiy. There is a patch of mcmlow on the opxio- 
inte side of the stream, shaded by a group of ancic8!k trees, 
gnarled and mossy, and with half their topmost branches dead 
and white as the bones of a skeleton. We look down upon 
them from an elevation so commanding, that their uppermost 
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twi^ Heom on well nigh the flame level with their interlaced 
and twiHted iDots, washed bare on the bank-edge by the 
winter flomh. A colony of herons lias built from time im- 
memorial among the bmnches. There are trees so laden 
with nests tliat the boughs bend earthwards on every side, 
like tlie boughs of orchard-trees in autumn ; and the bleached 
and feathered masses which they bear, — ^the cradles of suc- 
ceeding generations, — glitter gray through iM foliage in con- 
tinuous groupes, as if each tree bore on its single hkui all the 
wigs of the Court of Sossbn. The solitude is busy with the 
occupations and enjo3rmentB of instinct The birds, tall and 
stately, stand by troops in the shallows, or wade warily, as 
the fish glance by, to the c<IgG of the cuirent, or, rising with 
the slow flap of wiug and sharp creak peculiar to the tribes 
drop suddenly into tlicir nests. The great forest of Dama- 
way strotchos beyond, feathering a thousand knolls, that ro- 
fleet a colder and giaycr tint as they recede and lessen, and 
j)rcsent on the horizon a billo'ivy line of blue. The river 
biawls along under i>al e-red clifis, wooded atop. It is through 
a vast bimal-yanl that it Las cut its way, — field of the dead 
so ancient, that the sepulchres of Thebes and Luxor arc but 
of the present day in comparison, — i*csting-places for the 
recently depaiixjd, whose funerals are but just over. These 
mouldering stnita are charged with remains, scattered and de- 
tached ns tiiosc of a churchyivrd, but not less entue in their 
pai*ts, — occipital lx)nes, jaws, teeth, spines, scales, — the dust 
and nibbish of a departed ereatioii. The clifla sink as the 
plain ihittens, and green sloping banka of diluvium take their 
place ; but they again rise in the middle distance into an 
abrupt and lofty promoutoiy, that, sti*etching like an immense 
rib athwari the level countiy, piojccts far into the sti'oam, 
and gives an angular inflection to its course. There ascends 
from the apex a thin blue column of smokc^— that of a lime- 
kiln. That ridge and promontory axe composed of the thick 
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MmIi ImMIV ii hm ncttSI^ tiw floiHMling anenditt thnii vUlu r 
IIm y«lki» tlMbi tltat rokla <»v«r it, or tbe {vdonni strut., 
ntUrlt it orierfirn, 
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T)io Two Aspocta in which Mnitor can bo Viewod : Space and Timo^-Oeo- 
lo^fical History of the Earlier Periods-»Tho Cambrian System— -Its An- 
nolidn— Tlio Silurian System— Its Corals, Encrinites, Molluscs, and Tii- 
lobitcs— Its FiMh— These of a High Order, and called into Existenoe ap- 
parently by ^fyriads— Opening Scene in the Ilibtory of the Old Red 
Sandstone a Scene of Tempest — Represented by the Great Conglomerate 
—Red a provailing Colour among the Ancient Rocks contained in this 
Deposit— Amazing Abundance of Anirnal Life— Exempli God by a Scene 
in the Ilcmiig Fishery— Phtfoiin of Death— Probable Cause of the Ca- 
tastrophe which rendered it such. 


“ There tiro only two clifierent aspects,” says Dr Thomas 
Brown, “ in whicli matter can be viewctl. * We may consider 
it wimj)ly as it exists in space, or as it exists in time. As it 
exists ill space, we inquirc into its composition, or, in other 
wonlfl, endeavour to discover what are the elementary bodies 
that co-exist in the space which it occupies ; as it exists in 
time, we inquire into its susceptibilities or its powers, or, in 
other words, endeavour to trace all the various changes which 
liave alivady passed over it, or of which it may yet become 
the .subject” ^ 

Hitherto I have vciy much restricted myself to the con- 
sideration of the Old Betl Sandstone as it exists in »/xice , — 
to the consideration of it as we now find it 1 shall now at- 
tempt presenting it to the reader as it existed in dur- 

ing the succeeding |ieriods of its formation, and when its ex- 
istences lived and moved as the denizens of primeval oceans. 
It is one thing to describe the appearance of a forsaken and 
desert country, with its wide wastes of unprofitable sand, its 
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broken citadels and temples, its solitary battle-plains, and its 
gloomy streets of cavemed and lonely sepulchres ; and quite 
another to record its histoiy during its days of smiling fields, 
populous cities, busy tmde, and monarchical splendour. Wo 
pass from the dead to the li\dng^ — ^from the cemetery, with 
its high piles of mummies and its vast heaps of bones, to the 
ancient city, frill of life and animation in all its streets and 
dwellings. 

Two grciit geological periods have already come to tlieir 
close ; and the floor of a widely-spread ocean, to whicdi we 
can affix no limits, and of whose shores or their inhabitants 
nothing is yet known, is occupied to the depth of many tliou- 
sand feet by the remains of bygone existences. Of late the 
geologist has learned fr*om Murchison to distinguish the rocks 
of tl^ese two periods, — the lower as those of the Ciimbrian, 
the upper as those of the Silurian gmup. The lower, — ro- 
pi*esentative of the first glimmering twilight of being, — of a 
dawn so feeble thjit it may seem doubtful whether in reality 
the gloom had lightened, — ^must still bo regarded as a period 
of uncertainty. Its ripple-marked sandstones, and its half- 
coherent accumulations of dark-coloui’cd strata, which decom- 
pose into mud, show that every one of its many i)lainH must 
have formed in succession an upper surface of the bottom of 
the sea ; but it rcniaius for future discoverers to determine 
regarding the shapes of life that burrowed in its ooze or 
careered through the incumbent waters. In one locality it 
would seem as if a few worms had crawlfe to tlio suriace, 
and left their involved and tortuous folds doubtfully impress- 
ed on the stona Some of them resemble miniature cables 
carelessly coiled ; others, furnished with what seem numerous 
legs, remind us of the existing Nereidina ofrour sandyjshores, 
— ^those red-blooded, many-leggcd worms, resembling elon- 
gated centipedes, that wriggle with such activity among the 
mingled mud and water, as wc turn over the stones under 



THE OLD BED SANDSTONE. 


229 


which they had sheltered Were creatures such as these the 
lords of tliis lower ocean ? Did they enter first on the stagey 
in that great drama of being in which poets and philosophers, 
monarchs and mighty conquerors, were afterwards to mingle 
as actors ? Docs the reader remember that story in the 
Arabian Nights” in wliich the battle of the magicians is 
described ? At an early stage of the combat a little worm 
creeps over the pavement ; at its close two terrible dragons 
contend in an atmosphere of fire. But even the worms of 
tho Cambrian System can scarce be regarded as established 
The evidence resjjecting their place and their nature must 
still be held as involved in some such degree of doubt as at* 
tsiches to the researches of tho antiquary, when engaged in 
tracing what their remains much resemble, — the involved 
sculptiirings of some Buiiic obelisk, ■weathered V)y the storms 
of a tliousand winters. There is less of doubt, however, re- 
garding the existences of the upper group of rocks, — the Si- 
lurian. 

The depth of this group, as estimated by Mr Murchison, 
is equal to double the height of our highest Scottish moun- 
tains ; and four distinct platforms of being range in it, the 
one over the other, like storeys in a building. Life abounded 
on all these jdatforms, and in shapes the most wonderfuL 
The peculiar cncrinites of the group rose in miniature forests, 
and spi'ead forth their sentient petals by millions and tens 
of millions amid tlie waters ; vast lidges of corals, peopled by 
their innumci'able builders, — ^numbero without number, — 
rose high amid the shallows ; the chambered shells liad become 
abundant, — the simpler testg^ea still more so ; extinct fonus 
of tho graptolite or sea-pen existed by m}Tiads ; and the for- 
mation*had a class of creatures in advance of the many-legged 
annelids of the other. It had its numerous &mily of tnlo- 
bites, — crustaceans nearly as high in the scale as a common 
crab, — creatures with crcscent^haped heads, and jointed bo* 
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diosi and Tronderfiilly-coi^tnicted eyes, which, like the eyes 
of the bee and the butterfly, had tiio oomca cut into facets ' 
resembling those of a multiplying-glasa Is the reader ac- 
quainted with the fonu of the common chiton of our shores, 
— the little hoat-shapetl shell-lish tliat adliores to stout's and 
rocks like the limpet, but which differs fi\>in cvciy vju'iety 
of limpet, in bearing as its covering a jointly], not a continuous 
shell ] Suppose a chiton 'a'ith two of its toriuinal joints eui 
away, and a single plate of much the same shape and size, but 
with two eves near the ctmtrc, substituteil in.strul, and the 
animal, in form at least, would be no huiger a chiton, but a 
trilobite. Tliore are appearances, ton, A\liieh lead to tin* in- 
ference that the habits of the two animal'^, ilaaigh n-prosi nt- 
iug (liirereiit orders of beiny, may not have l»een very uidik(\ 
The chiton attaelies itself to the rock by a muscular siiekia* 
or foot, which, extending vcutrally along its entire lengtli, 
resembles that of the bltig or tlic snail, and t*nabh‘s it to crawl, 
like them, but still more slowly, by a succession (»(’ adhesions. 
The locomotive powei-s of the trilobiU* seem to laive been 
little superior to those of the chiton. If furnislied with logs 
at all, it must have been with sf>ft riulimenl.aiy membnina- 
ceous logSj little fitted for walking with ^ and it. seems (juitcj 
as probable, from the peculiarly-shaped uiuha* margin of its 
shell, formed, like tliat of the chiton, f>r adhering to flat 
surfaces, that, like the slug and the snail, it was unfiivnislu'd 
with legs of any kind, and crept on the abdomoji. The vast 
conglomerations of trilobitcs for whicli the Silurian rocks arc 
remarkable are regarded as further evidence.* of a sedentary 
condition. Like ostria?, chitoi^cs, and other sedentaiy ani- 
mals, they seemed to have adhered together in vast clusters, 
trilobite over trilobite, in the hollows of subinaiine'jirccipi- 
ces, or on the flat muddy bottom below. And such were 
the master existences of tluxje of the four Silurian platforms, 
and of the greater part of the fourth, if, indeed, wo may not 
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regard tlie chambered moUuscai their contemporarieB^^-Karea* 
lures with their arms clustered round their heads^ and with 
a nervous system composed of a mere knotted cord, — as 
equally high in the scale. We rise to the topmost layers of 
the system, — ^to an upper gallery of its highest platform, — 
and hud nature mightily in advance. 

Another and superior order of existences had sprung into 
licing at the fiat of the Creator,— creatures with the brain 
lodged ill the head, and the spinal coi*d inclosed in a verte- 
bitited column. In tlio period of the Upper Silurian, fish 
pi-<»porly so called, and of voTy perfect oiganization, had be- 
di‘iii2eiis of tlie watery element, and had taken precc- 
ileiice of the el•u^tilcea^, as, at a j»eriod long previous, the 
Cl usbiceaii had taken preccyleiicc of the annelid. In what 
furiii do these, the most ancient l>eings of their class, appear ? 
As cartilaginous fishes of the higher qriler. Some of them 
were furnished with bony palates, and sqiiat firmly-based 
teeth, well adapted for cnisliiug the stone-casal zoophytes and 
shells of tlie period, fragments of which occur in their foecal 
remains ; sonic with teeth that, like those of the fossil sharks 
of tlui later formations, resemble lines of miniature pjTaniids, 
larger and smaller alternating ; some witli teeth sliai’i>, thin, 
and so deeply serrated, that every individual tooth resembles 
a row of laniards set upright agaiiLst the walls of an armoury ; 
and these last, says Aga^^iz, fimiished with weapons so miu’- 
dorous, must have been the pirates of the period. Some had 
their fins guarded with long spines, hooked like the beak of 
an eagle ; some with spines of straighter and more slender 
form, and ribbed and furrowed longitudinally like columns ; 
some wore sliielded by an armour of bony points ; and some 
thickly covered w ith glistening scales. If many ages must 
have passed ere fishes a])peared, there w^as assui*edly no time 
required to elevate their lower into their liigJicr familiea 
Judging, too, from this ancient deposit^ they seem to have 
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been introduced^ not hj individuals and pairs, but by ^vbolo 
inyx3ad& 

** Foftbwiih the somidi Mid seat, each eraak and bay. 

With try umumerabla •wam*d ; and tboala 
Of fisb, that with their Sdr and shining acalea 
Glide under the green wave in plumps and sculls, 

Bank’d the mid sea,'* 

The fish-bed of the Upper Ludlow rock abounds more in 
osseous remains .than an ancient burying-grouniL The stra- 
tum, over wide areas, seems an almost continuous layer of 
matted Iwnes, jaws, teeth, spines, scales, palatial plates, and 
shagreen-like prickles, all massed together, and converti'd into 
a substance of so deep an«l shining a jet colour, that the 
bed, when “ fii*st discovered, conveyed tlui impression,” says 
Mr Murchison, that it inclosed a tritiivat(‘d heap of black 
beetles.” And such are the remains of what seem to have 
been the first existing vertebmt-i. Thus, ere our history be- 
gins, the existences of two great systems, tlici Cambrian and 
the Siliuian, luul passed into extinction, with the exception 
of what seem a few connecting links, exclusively molluscs, 
that are found in England to pass from tlic higluT beds of 
the Ludlow rocks into the Lower or Tilostonc beds of the 
Old Red Sandstone.* The cxuvhe of at least four platfoms 
of being lay entombed, furlong below furlong, amid tlie gray 
mouldering mudstones, the harder arenaceous bcxls, the con- 
solidated clays, and the concretionary limestones, that under- 
lay the ancient ocean of the Jjower Old Red. The earth had 
already become a vast sepulchre, to a depth beneath the bed 
of the sea equal to at least twice the height of Ren Nevis 
over its surface. • 

* Upwards of eight hundrod extinct species of animals have been de- 
scribed as belonging to the earliest or Protozoic and Silurian period, and 
of these, only about one hundred arc found also in the overlying Devonian 
series ; while, hut fifteen are common to tho whole Palaeozoic period, and 
not one extends beyond it."—** M. do Voruouil and Count D’Archiac,'* 
quoted by Mr D. T. Ansted. 1844, 
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The first scene in the Tempest'* opens amid the confu- 
sion and turmoil of the hurricane^ — amid thunders and light- 
nings^ the roar of the wind| the shouts of the seamen, the 
rattling of cordage, and the wild dash of the billows. The 
history .of the period represented by the Old Bed Sandstone 
seems, in what now forms the northern half of Scotland, to 
have opened in a similar manner. The finely-laminated 
lower Tilestones of England were deposited evidently in a 
calm sea. Dunng the contemporaiy period in our own coun- 
try, the vast space which now' includes Orkney and Loch- 
ncss, Dingwall and Gamrie, and many a thousand square 
mile besides, was the scene of a shallow' ocean, peqdexed Vjy 
pow^eiful currents, and agitated by w'aves. A vast, stratum 
of wat<T-rolled pebbles, vaiyiiig iu depth from a hundred feet 
to a hundred yanls, nmrains in a thousand dilferent locali- 
ties, to testify of the disturbing agencies of this time of com- 
motioiL The hardest mas.ses w^hich the stmtum incloses, — 
poridiynes of vitreous fracture that cut glass as readily as 
Hint, and masses of quai-tz tliat strike fire quite as profusely 
from steel, — are yet polished and ground down into bullet- 
like forms, not an angular fragment appearing, in some parts 
of the mass, for yards together. The debris of our bardei* 
rocks, rolled for centuries in the beds of our more impetuous 
rivers, or tossed for ages along our more exiK)sed and preci- 
pitous sea-shores, could not present less equivocally the marks 
of violent and prolonged attrition than the pebbles of this 
bed. And yet it is surely difiicult to conceive how the bot- 
tom of any sea should have been so violently and so equally 
agitated for so greatly cxtendetl a s^mce as that w»hich inter- 
venes between Mealforvony in Tnvevness-shirc and Pomona 
in Orkney in one direction, and between Applecross and 
Trouphead in another, and for a i>eriod so prolonged, that the 
entire area should have come to be covered wdth a stratum 
of rolled pebbles of almost eveiy variety of ancient rock, 
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ftftocu stoivys in Tin' vt>r\ •!' iN 

contents shows thiit the perh»l nuist luuc hicn ]>roh 
A sudden llooil swoops away wdli it the aooiiinulati'd il- l»ri^? 
i>i a raiig’o of mountains; hut !•> M« nd tiWi'ilui* in ttpial 
mixlure the dohris of many Mi«di ramn'S woll as i^t ind 
down tlioir nm^dinoss4*s and ant^iilarit ios end till up the iii- 
torslioos with tlio sand and pnvcl pviKlucod in the pn»co-s<, 
must he a work (d* time. I have examiuod with much iuto- 
rest^ iu various localities, the fi*agnionta of ancient rock in- 
closed in this formation. Many of Uiem are no longer to be 
found in sUu, and the gi'oup is essentially diilerent from that 
presented hy the more modern gr.ivels. On the shores of 
the Frith of Ch*oraarty, for instance, by far the most abundant 
pebbles are of a blue scIuoto.se gneiss : fmgments of gi'ay 
granite and vliite (piartzare aI>o common ; and the sea-sliore 
at half-ebb pve-tuit.'^ at a short di'-tanee the appearance of a 
Ini^g bell of Idiii h-gi’jty, fiYun the colour of the ]>re\‘ailing 
stones wliicli coinpO''e it. The prevailing c(»Iour <»f the con- 
glomerate of tlio distvi t, on the c«uitrary, is a deep red. It 
contains pebbles of small-gr.iiued red ‘p. suite, red (piartz rock, 
Y('A fc'lspar, red i»orphyry, tin iiuisure red ja.Npev, red horn- 
sione, and a red granitic rruei.''.-, ideninr.l wit!) the wcll-iiiarla d 
gnehs of the noighhoiiring J^utoi s. Tlii'^ hut is the only rock 
iiov,' found ill the district of wdiicli tV.’ginents occur in the cmi- 
glomev.Ue. It imut have been exposed at the time tf> the 
action nf the "wavc-s, though afterwards Isuricd deep under .suc- 
ceeding formations, uiilil again thrust to the surface by some 
gi'cat internal convulsion, of a date comparativtdy recent.* 

* The vast beds of unconsolMated giavol with which ono of the lator 
goolo"ical revolutions has half-filled sonio of i*iir ijorthcm valleys, and co- 
vered the slopes of the adjacent hills, prc.scnt, in a few li^alities, appoar- 
ancGB somewhat analogous to those cxliihitcd hy this ancient formaAon. 
There are uncementod accumiilations of water-rolled pebbles iu the neigh- 
bourhood of Inverness, from ninety to a huu<lrcd feet in tbickness. Hut 
ibis stratum, unlike tbo more ancient one, wanted continuity. It must 
have been accumulated, too, under the operation of more partial, though 
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'J'Ihj ].<*rio<l of lliis sluillow find storruy ocean pasjsciL The 
hottoin, of the identiea] eon ^loin crate ^v]licU now 

lunns t’lC stnnmit of home of our loftiest mountains, sank 
tliron^rliDUt its wi«le area to a dej>lli so profound as to he little 
ani‘ete«l l)y tid»‘s or tempests. During this second period 
there rook place a vast dejM)sit of coarse samlstone strata, with 
here and tlnuHi a f<*w thin beds of rolled ])ehbh‘s. The genc- 
Kil subsidence of the Ixjttom still continued, and, after a de- 
posit of fully ninety feet batl overlain the conglomerate, the 
<1eptli became still more profound tlian at first A fine semi- 
calcaroous, semi-aluminous deposition took place in waters 
perfectly undisturbcil And here wc first find proof that this 
ancient ocean liteially swarmed with life, — ^that its bottom 
was covereil with miniature forests of algse, and its waters 
(Uirkeiied by immense slioals of fisli. 

In middle autumn, at the close of the herring season, when 
the fish have just spavTied, and the congiTgated masses are 
brt'aking up on shallow and skerry, and dh^pei’sing hy myriads 
over the deeper sciis, they rise at times to the sui*face by a 
movement so simulb\nco\is, that for miles and miles around 
the skid* of the fisherman nothing may be seen but th^ bright 
glitter of scales as if the entire face of the deep were a blue 
robe spangled with silver. I have watched them at stinnse 
sucli'seiLsoiis on the middle of the Monty Frith, when, far 
as the eye could reach, the surface has been riifiled by the 
splash of tins, as if a light breeze swept over it, and the retl 
light has Hashed in gleams of au instant on the millions and 
tens of millions that wore leaping around me, a handbreatli 
into the air, thick as liailstones in a thunder-shower. The 

immensely more powerful agencies. There is a moiliocrity of size in tho 
ificlosod fragments of tlio old conglomerate, which gives ovidenco of a me- 
diocrity of power in the transporting agent. In the upper gravels, on tho 
contrary, one of the agents could convoy from vast distances blocks of stone 
eighty and a hundred tons in weight. A new cauBO of trexnendoui energy 
had como into operation in the geological world. 
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amazing amount of life whidi the seene iiichuleil luw iru 
parted to it an indescribable interest On most occasions 
the inhabitants of ocean arc seen but by scores and hundreds ; 
for in looking down into their green twilight haunts, we find 
the view bounded bv a few yards, or at most a few fiithoms 
and we can but calculate on the unseen myiiads of the Isur* 
rounding expanse, by the seen few that occupy the narrow 
space visible. Here', however, it was not the few, but the 
myriads, that were scon, — the iunumenible and inc{>iiccivable 
— all ptdpable to the sight as a flt)ck on a hillside ; (»r 
at least, if all was not palpable, it was only because sense has 
its limits in the lighter its well as in tluj denser niediuni, — 
that the multitudinoiis distracts it, and the distant eludes it, 
ami the far horizon bounds it. If the scone sijokc not of in- 
finity in the sense in wliioh ih‘itv ooiiipreheiids it, it spi»ke of 
it in at least the only sense in whii h man can compivhoml it. 

Now, we are much in the hahit of thinking of such amaz- 
ing multiplicity of btdiur, — when we think of it at all, — with 
reference to but the later limes of the world's history. \Ve 
think of the remoter past as a time of coinjiarative solitude. 
We forget that the now uninhabited desert w'as once a po- 
pulous city. Is the reader prejKired to realize', in connection 
with the Low’cr Old llcfl Handstonc*, — the .second period of 
vertehrated existence, — scenes as amazingly foi-tilc in life 
the scene just de.scril)od, — oceans as thoroughly occupied with 
being as our friths and estuaries when the honings congregate 
most abundantly on our coasts ? There are evidences too 
sure to be disputed, that such mu.st have been the case. I 
have seen the ichthyolite beds, wiicre washed bare in the lino 
of the strata, as thickly covered with oblong spindle-shaped 
nodules as I have ever seen a fishing-bank covered with 
herrings ; and have ascertained that every individual nodule 
had its nucleus of animal matter, — that it was a stone coffin 
in miniature, holding inclosed its organic mass of bitumen 
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or l>ouc, — its winged, or eiiamcUod, or tlioru-covered ichthy- 
olite. 

At this period of our history some terrible catastrophe in- 
volved in sudden destruction the jQsh of an area at least a 
hundred miles from boundary to boundary, perhaps much * 
mora The same platform in Orkn^ as at Cromarty is strewed 
thick with remains which exhibit unequivocally the marks of 
violent dcatk The figures are contorted, contracted, curved ; 
the bill ill many instances is bent i-ound to the head ; the 
spines stick out ; the fins (pe spread to the full, as in fishes 
that die in convulsioiLS. The PiericJUhya shows its arms ex- 
tended at tlieir stifiest angle, as if prepared for an enemy. 
The attitudes of all the ichthyolitos on tills platfoim are at- 
titudes of fear, anger, and pain. The remains, too, appear to 
have sutfered nothing from tlic after attacks of predaceous 
fishes : Yibna such seem to have suiwivcd. The record is one 
of de.structiou at ouce widely sjircad, and total so far as it 
extended. There are proofs tliat, whatever may have been 
the cau.se of the catastrophe, it must have taken place in a 
sea unu.sually still The scales, when scattered by some slight 
undulation, arc scattered to the distance of only a few inches, 
and still exliibit their enamel entire, and their peculiar fine- 
ness of edge. The spines, even when separated, retain theii* 
original iieedle likc sliai’]i)ness of point Bays well nigh as 
slender as horac-haira are inclosed unbroken in the mass. 
Whole ichthyolitos occur, in which not only all the paiis sur- 
vive, but even the expression which the stiff and threatening 
attitude conveyed when the last struggle was over. Destruc- 
tion must have come in the calm, and it must liavo been of 
a kind by which the calm was nothing disturbed. In what 
coiiild it liave originated ] By what quiet but potent agency 
of destruction were the innumerable existences of an area per- 
haps ten thousand square miles in extent annihilated at once^ 
and yet the medium in which they had lived left imdistui'bed 
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by its operations ? Conjecture lacks footing in grappling with 
the enigma^ and expatiates in uncert'^inty t>ver all the known 
phenomena of clcatlu Diseases of mysterious origin break 
out at times in the animal kingdom^ and well nigh extermi- 
nate the tribes on wliicli they fall. The prcs(*nt gonemtiim 
has seen a hundred millions of the human family swept away 
by a disease unknown to our fiithoi's. Virgil describes the 
fatal mumiin that once depopulated the Alps, not more as a 
poet than as a historian. The shell-llsh of the rivci*s of North 
America died in such vast abundance during a year t>f the 
present century, that the animals, washetl out of tlieir shidls, 
lay rotting in masses beside the banks, infecting the vei*y aii-. 
About the close of the last century the haddock well nigh dis- 
appeared for several seasons together from the eastern coasts 
of Scotland ; and it is related hy Creech, that a Scotch ship- 
master of the period sailed for several leagues on the coast (»f 
Norway, about the time the scarcity began, thi’ough a float- 
ing shoal of dead haddocks.* But the ravages of no such 

♦ I have hoard elderly fiahermon of tho Moray Frith stato, in coimccti(»n 
with what they used to terra ** tho haddock dearth’^ of this period, that 
for several weeks ere tho fish entirely disappeared, they acquired an ex- 
tremely disagreeable taste, as if they bad been boiled in tobaceo-juice, aud 
became unfit for tho table. For tho three following years they were ex- 
tremely rare on the coast, and soveral ycara more elapsed ere they were 
caught in the usual abundance. Tho fact related by Creech,— a very curious 
one,— I subjoin in bis own words ; it occurs in his third#* Letter to Sir John 
Sinclair “ On Friday tho 4th December 1789, the ship * Brothers,’ 
Captain Stewart, arrived at Leith from Archangel, who reported that on 
tho coast of Lapland and Norway he sailed many leagues through immense 
quantities of dead haddocks floating on tho sea. lie spoke several English 
ships, who reported the same fact. It is certain that haddocks, which were 
the fish in the greatest abundance in the Edinburgh market, have scarcely 
been seen there these three years. In February 1790 three haSttocks were 
brought to market, which, from their scarcity, sold for 78. Cd.” 

The dead haddocks seen by tho Leith shipmaster were floating by thou- 
sands; and most of their congeners among what fishermen term ** the white 
fish,” such as cod, ling, and whiting, also float when dead ; whereas tho 
bodies of fish whose bowels and air-bladders are comparatively small and 
tender lie at the bottom. The herring-fisherman, if the fishes die in his 
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diseaso, however extenBive, could well account for some of 
tlie phenomena of this jdatform of deatli. It is rarely that 
disease fails equally on many different tribes at once, and 
never docs it fall witli instantaneous suddenness; whereas 
in the i-uiu of this i)latform from ten to twelve distinct ge- 
nera seem to have been equally involved; and so suddenly 
did il perform its wo/k, that its victims wei'C fixctl in their 
rn*st altitude of terror and surprise. I hii\’i‘ observed, too, 
tliai gi'oupos of adjoining nodules arc charged frequently with 
fragments of the same variety of iciilhyolite ; and the cir- 
c'uinstance seems fiuught with evidence regarding lx)th th(5 
original habits of the creatures, and the instantaneous siul- 
denno.ss of tlie destruction by wliich tlioy were overtaken. 
Tliey seem, like many of our exi>ting hsli, to Lave been gre- 
garious, and to have i)eri.shed togoihor ere their crowds liad 
time to break up and disperse. 

Fiiili have been fnind Heating dead in shoals beside suL 
inarinc volcanoes, — killed either by the heated water or by 

nets, fimls it no easy matter to buoy them up ; and if tho shoal entangled 
ho a largo ono, ho fails at times, from tho great weight, in recovering them 
at all, losing both nots and herrings. Now, if a corresponding dificronco 
obtained among fish of tho extinct period, — if somo rose to tho surfiice 
when they died, while others remained at the bottom, — we must of course 
expect to find their remains in very different degrees of preservation, — to 
find only scattered fragments of tho floaters, while of tho othci-s many may 
occur comparativoljF entire. Even should they have died on tho same 
beds too, we may discover their remains separated by hundreds of miles. 
Tho haddocks that disappeared from tho coast of Bi'itain were found float- 
ing in shoals on the coast of Norway. The remains of an immenso body of 
herrings, that weighed down, a few seasons since, tho nets of a crow of 
fishemon in a muddy hollow of tho Moray Frith, and defied tho utmost 
exertions of throo crows united to weigh them from the bottom, are, I 
doubt not, in tho muddy hollow still. On a principlo thus obvious it may 
bo ^emod not improbable that tho ichthyolites of tho Lower Old Bed 
Sandstono might havo had mimerous contemporaries, of which, unless in 
some instancos tho same aooidont which killed also ontomhed them, we can 
know nothing in thoir oharactor as such, and w'hoso broken fragments may 
yet bo found in somo other locality, where they may bo rogardod as eba- 
ractoristic of a diflbrent fomation. 
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mephitic gases. There are, however, no marks of volcanic 
activity in connection with the ichthyolite beds, — no marks 
at least which belong to nearly the same age with the fossik 
The disturbing gi'anite of the neighbouring eminences was 
not upheaved until after the times of the Oolite. But the 
volcano, if such was the destroying agents might have been 
distant ; nay, from some of the points in an area of such 
immense extent^ it vmst have been distant Tlie beds abound, 
as has been said, in lime 3 and the thought has often stnick 
me that calcined lime, cast out as ashes from some distint 
ciuter, and earned by the udnds, miglit have been the cause 
of the widely-spread dostniction to wliich their organisms 
testify. I have seen the fish of a small troutiug stream, over 
which a bridge was in the 0001*80 of building, destroyed in a 
single hour, for a full mile below the erecticuj, by the few 
troughfuls of lime that fell into the water when the centring 
was removed 
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CHAPTEK XIIL 


SuccomorHof the Exiormiaated Tribes— Tho Gap slowly Filled — Proof that 
the Yegotatiou of a Formation may long Survive its Animal Tribes— Pro> 
bable Cause — Immensely Extended Period during which Fishes were the 
Master Existences of our Planet — Extreme Folly of an Infidel Objection 
illustrated by the Fact —Singular Analogy between the History of Firiies 
as Individuals and as a Claes— Chemistry of the Lower Formation — 
Principles on which the Fishduclosing Nodules were probably Formed 
— Chemical Effect of Animal Matter in discharging the Colour from Bed 
Sandstone— Origin of the Prevailing Tint to which the System owes its 
Name— Successive Modes in which a Metal may exist — The Best>>ration8 
of the Geologist void of Colour — Very Different Appearance of the Ich- 
thyoUtes of Cromarty and Moray. 

The period of death passed, and over the innumerable dead 
there settled a soil muddy sediment, that hid them from the 
light, bestowing upon them such burial as a November snow- 
slorm bestows on the sere and blighted vegetation of the pre- 
vious summer and autumn. For an unknown space of time^ 
represented in the formation by a deposit about fifty feet in 
thickness, the waters of the depopulated area seem to have 
remained devoid of animal lif& A few scales and plates then 
begin to appear. The fish that had existed outside the chasm 
seem to have gradually gained upon it as their numbers in- 
creased, just as the European settlers of America have been 
gaining on the backwoods, and making themselves homes 
amid the burial-mounds of a race extinct' for centuries. For 
a lengthened period, however, these finny settlers must have 
been comparatively few, — mere squatters in the wsate. In 
the beds of stratified clay in which thj^r remains first occur 
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over what we may term the densely-crowdod phtform of vio- 
lent death, the explorer may labour for hours together with- 
out finding a single scale. 

It is worthy of remark, however, that this upper h \ 
abounds quite as much in the peculiar vi^table iiiipresHioj 
of the formation as the* lower platform iselll An abuia 
ance equally great occurs in some localities only a few indie 
over the line of the ext<*rminating catastrophe, Tliiokets of 
exactly the same algjc amid which the fish of the forinaiioo 
had sheltered when living, grew luxuriantly over their gnives 
when dead. The agencies of destnictiou which annihilated 
the animal life of so extciidetl an area Rj>arcd its vegetation, 
just as the identical forests that had waved over the seuii- 
civilized aborigines of North America continued to wave o\'t*r 
the more savage red men, tlieir successor, long after the ori- 
ginal race had been exterminated. The inference deducible 
from the fact, though sufficiently simple, seems, in a geolo- 
gical point of view, a not nnimj>ortant one. 71 ie flora of a 
system may Img survive its fauna ; so that that may be but 
one formation regarded with reference to plants^ v'hkh may 
he two or nurre formations regarded iviUv reference to animals. 
No instance of any such phenomenon occurs in tho later geo- 
logical periods. The changes in animal and vegetable life 
appear to have run parallel to each other from the times of 
the tertiary formations down to those of the coal ; but in the 
eai‘lier deposits the case must have been different The ani- 
mal organisms of the newer Silurian strata form essentially 
different grpupes from those of the Lower Old Bed Sandstone, 
and both differ from those of the Comstono divisions ; and 
yet the greater portion of their vegetable ?emains seem the 
same. Tho stem-like impressions of the fucoid bed of the 
Upper Ludlow rocks cannot be distinguished from those of 
the ichthyolite beds of Cromarty and Boss, nor these again 
firom the impressions of the Arbroath pavement or the Den 
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of Balraddeiy. Nor is there much diffieoliy in conceiving 
how the vegetation of a formation should come to survive its 
animala What is fraught with health to the existences of 
the vegetable kingdom is in many instances a deadly poison 
to those of the animal. The grasses and water-lilies of the 
neighbourhood of Naples flourish lifecuiiantly amid the car- 
bonic acid gas which rests so densely over the pools and run- 
nels out of wliich they spring, that the bird stoops to drink, 
and falls dead into the water. The lime that destroys the 
reptiles, flsh, and insects of a thickly-inhabited lake or stream, 
injures not a single flag or bulrush among the millions that 
line its edges. The two kingdoms exist under laws of life 
and death so essentially dissimilar, that it has become one of 
the commoni)laccs of poctiy to indicate the blight and decline 
of the tribes of the one by the unwonted luxuriancy of the 
])roductions of the other. Otway tells us, in describing the 
horrors of tlie plague which almost depopulated London, that 
the “ destroying angel stretched his arm” over the city, 

** Till in th’ untrodden streets unwholesome grass 
Grew of great stalk, and colour gross, 

A melancholic poisonous green."’ 

The work of deposition went on : a bed of pale yellow 
saliferous sandstone settled, tier over tier, on a bed of strati- 
fied clay, and was itself overlaid by another bed of stratified 
clay in turn. And this upper bed had also its organisms. 
The remains of its sea-weed still spread out thick and dark 
amid the foldings of the strata, and occasionally its clustei-s 
of detached scales. But the circumstances were less fovour- 
able to the preservation of entire ichthyolites than those under 
which the organisms of the lower platform were wrapped up 
in th^jr stony coverings. The matrix, which is more mica- 
ceous than the other, seems to have been less conservative, 
and the waters were probably less stilL The process went 
oa Ago succeeded age, and one stratum covered up another. 
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Genmitions live^ die<l, and were entombed in the ever-grow* 
ing depositions. Succeeding generations pursued their in* 
stincts by myiHliidfs happy in existence^ over tlie surface which 
covered the broken and perishing remains of their prtHloces- 
sors, and then died and were entoml)ed in tui*n, Iciiviiig n 
higher platform and a similar destiny to the gonemtious that 
succeeded. AMiole mces became extinct, thraugh what pro- 
cess of destruction who can tell I < )ther i jices spniiig int* ; 
existence through that aclomble power which One only e^tn 
conceive, and One only can exert. An inexhaustible variety 
of design expatiated freely wdthin the limits of the ancient 
typa The main conditions I’omained the same, — the minor 
details were dissimilar. Vast periods passed ; a class low in 
the scale still continued to furnish the master-existences of 
creation j and so immensely extended was the term of its 
sovereignty, that a being of limited faculties, if such could 
have existed uncreated, and witnessed the whole, would have 
inferred that the power of the Crejitor had reached its ex- 
treme boundaiy when fishes had been called into existence, 
and that our planet was destined to be the dwelling-i)lace of 
no nobler inhabitants If there be men dignified by the name 
of philosophers who can hold that the present state of being, 
with all its moral evil and all its physical suffering, is to be 
succeeded by no better and happier state, just because “ all 
things have continued as they were” for some five or six thou- 
sand years, how much sounder and more conclusive would the 
inference have been which could have been based, as in the 
supposed case, on a period perhaps a hundred times more dk- 
tended ? 

There exist wonderfiil analogies in nature between the 
geological histoiy of the vertebrated animals as an ordpr, and 
the individual history of every mammifer,— between the his- 
tory, too, of fish as a class, and that of every single fish. “ It 
has been found by Tiedcmann,” says Mr Lycll, “ that the 
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brain of the foetus in the higher clasr of vertebrated animals 
assumes in succession the various forms which belong to fishes^ 
reptiles, and birds, before it acquires those additions and mo- 
difications which are peculiar to the mammiferous tribes.” 
** In examining the brain of the mammalia,” says M. Series^ 
**at an early stage of life, you pereeive the cerebral hemi- 
spheres consolidated, as in fish, in two vesicles isolated one 
from the other ; at a later period you see them affect the con- 
figuration of the cerebral hemispheres of reptiles ; still later, 
again, they present you with the forms of those of birds ; and 
finally, at the era of birth, the permanent forms which the 
adult mammalia present.” And such seems to have been the 
history of the vertebrata as an order, as certainly as that of 
the individual mammifer. The fish preceded the reptile in 
the Older of creation, just as the crustacean had preceded the 
fish, and the annelid the crustacean. Again, though the &ct 
be somewhat more obscure the reptile seems to have preced- 
ed the bird. We find, however, unequivocal traces of the 
feathered tribes in well-marked footprints impressed on a 
sandstone in North America at most not more modem than 
the Lias, but which is generally supposed to be of the same 
age with the New Red Sandstone of Germany and our own 
country. In the Oolite, — at least one, perhaps two forma- 
tions later, — the bones of the two species of mammiferous 
quadrupeds have been found, apparently of the marsupial 
fiimily ; and those, says Mr Lyell, afford the only example 
yet known of terrestrial mammalia in rocks of a date ante- 
rior to the older tertiary formations. The reptile seems to 
have preceded the bird, and the bird the mammiferous ani- 
mal. Thus the foetal history of the nervous sjrstem in the in- 
dividyal mammifer seems typical, in every stage of its pro- 
gress, of the history of the grand division at the head of which 
the mammifer stands. Agassiz, at the late meeting of the 
British Association in Glasgow, mentioned an analogous fact. 
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After describing the onc-sidod tnil ot the more ancient fish, 
especially the fisli of the Old Red Sandstone, — ^the subjci'ts 
of his illustration at the time,— lie stated, as the result of a 
recent discoveiy, that the young of the salmon in their fa*tal 
state exhibit the same imequally-sideil condition of tail wliich 
charactemes those existences of the eai*lier ages of the worhl. 
The indiridual hsh, just as it begins to exist, presents the 
identical appearances which were exliibited by the order when 
the oi’der began to exist Is there nothing wonderful in aiui- 
logies such as these, — analogies that point through the em- 
biyos of the present time to the womb of Nature, big with 
its multitudinous forms of being? Are they charged with 
no such nice evidence as a Butler would delight to contem- 
plate, regarding that unique at^le of Deity, if I may so ex- 
press myself, which runs l^irough all his works, whether wo 
consider Him as God of Nature or Author of Revelation ? In 
this style of t3rpe and symbol did Ho reveal himself of old to 
his chosen people ; in this style of allegory and pamble did 
He again address himself to them when He sojounied among 
them on earth. 

The chemistry of the formation seems scarce inferior in in- 
terest to its zoology ; but tlie chemist had still much to do for 
geology, and the processes arc but imperfectly known. There 
is no field in which tnore laurels await the philosophical che- 
mist than the geological ona I have said that all the cal- 
careous nodules of the ichthyolite beds seem to have had ori- 
ginally their nucleus of organic matter. In nine*cases out 
of ten the organism can be distinctly traced ; and in the tcntli 
there is almost always something to indi^te where it lay, — 
an elliptical patch of black, or an oblong spot from which the 
prevailing colour of the stone has been discharged, ^nd a 
lighter-hue substituted Is the reader acquainted with Mr 
Pepys’ accidental experiment, as related by Mr Lyell, and re- 
corded in the first volume of the Geological Transactions V 
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It affords an interesting proof that animal matter in a state 
of putre&otion j^roves a powerfU agent in the decomposition 
of mineral substances held in solution, and of their consequent 
precipitation. An earthen pitcher, containing several quarts 
of sulphate of iron, had been suffered to remain undisturbed 
and iincxaiuincd in a comer of Mr Pepys* laboratory for about 
a twelvemonth. Some luckless mice had meanwhile &llen 
into it and been drowned ; and when it at length came to be 
examined, an oily scum and a yellow sulphureous powder, 
mixed with hairs, were seen floating on the top^ and the bones 
of the mice discovered lying at the bottom ; and it was found, 
that over the decaying bodies the mineral components of the 
fluid had been separated and precipitated in a dark-coloured 
sediment, consisting of grains of pjTates and of sulphur, of 
copperas in its gi'een and crystalline fomi, and of black oxide 
of iroJL The animal and mineral matters had mutually acted 
upon one another ; and the metallic sulpliate, deprived of its 
oxygen in the process, had thus cast down its ingredients. It 
would seem that over the putrefying bodies of the fish of the 
Lower Old Red Sandstone the water haxl deposited, in like 
manner, the lime with which it was charged ; and hence the 
calcareous nodules in which we find their remains inclosed. 
The fin’in of the nodule almost invariably agrees with that of 
the ichthyolite within : it is a coffin in the ancient Egyptian 
style. Was the ichthyolite twisted half round in the con- 
torted attitude of violent death? — ^the nodule has also its 
twist. Did it retain its natural posture ? — ^the nodule pre- 
sents the corresponding spindle form. Was it broken up, and 
the outline destroyed? — ^the nodule is flattened and shape- 
less. In almost every instance the 'form of the organism 
seciqs to have regulated that of the stona We may tracer 
in many of these concretionary masses, the operations of three 
distinct principles, all of which must have been in activity at 
one and the same time. They are wrapped concentrically 
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each round its organism ; they split readily in the line of the 
inclosing stratum, and are marktKl by its alternating rectili- 
near bars of lighter and darker colour ; and they are nuliated 
from the centre to the circumference. Their concentric con- 
dition shows the chemical induencos of the decaying animal 
matter ; their fissile character and parallel layers of colour 
indicate the geneiul deposition which was taking place at the 
time; and their radiated structure testifies to that law of 
ciystalline attraction through which, by a wonderfiil masonry, 
the invisible but well-cut atoms build up their cubes, their 
rhombs, their hexagons, and their pyramids, and arc at once 
the architects and the materials of the structui’c which they 
rear. 

Another and veiy diflbrent chemical effect of organic mat- 
ter may be remarked in the darker-coloui*ed arenaceous de- 
posits of the formation, and occasionally in the stiatified clays 
and nodules of the ichthyolite bed. In a print-work the 
whole web is frequently thrown into the vat, and dyed of one 
colour ; but there afterwards comes a discharging process : 
some chemical mixture is dropped on the fabric ; the dye 
disappears wherever the mixture touches ; and in leaves, and 
sprigs, and patches, according to the printer’s pattern, the 
cloth assumes its original wlute. Now, the coloured depo- 
sits of the Old Bed Sandstone have in like manner been 
subjected to a discharging process. The dye has disappeared 
in oblong or circular patches of various sizes, f]X)m the eighth 
of an inch to a foot in diameter ; the original white has taken 
its place ; and so thickly are these speckles grouped in some 
of the darker-tinted beds, that the surfaces,i^here washed by 
the sea, present the appearance of sheets of calico. The dis- 
charging agent was organic matter ; the uncoloured patches 
are no mere surface films, for, when cut at right angles, "their 
depth is found to correspond with their breadth, the circle is 
a sphere the ellipsis forms the section of an egg-shaped body. 
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and in the centre of each we generally find traces of the or- 
ganism in whose decay it originated. I have repeatedly found 
single scales in the ichthyolite beds, surrounded by uncolour- 
ed spheres about the size of musketrbulleta It is well for 
the young geologist carefully to mark such appearances, — ^to 
tiuce them through ^e various instances in which the organ- 
ism may be recognised and identified, to those in which its 
hist vestiges have disappeared. Tliey are the hatchments of 
the geological world, and indicate that life once existed where 
all other record of it has perished.* 

It is the part of the chemist to tell us by what peculiar 
action of the organic matter the dye was discharged in these 
spots and patehesC But how was the dye itself procured ? 


* Some of tho clay-slaios of the primary formations abound in these cir- 
cular uncoloured patches, bearing in tboir centres, like the patches of the 
Old Red Sandstone, half-obl iterated nuclei of black. Were they, too, once 
fossiliferous, and do these blank erasures remain to testify to the fact? I 
find the organic origin of the patches in the Old Red Sandstone remarked 
by Professor Fleming as early as the year 1830, and the remark reiterated 
by Dr Anderson of Newburgh iu nearly the same words, but with no ac- 
knowlodgineut, ten years later, ^he following is the minute and singu- 
larly faitliful description of tho Professor : — • 

** Ou the surface of the strata in the lower beds, circular spots, neariy a 
foot in diameter, may bo readily perceived by their pale yellow colours, 
contrasted with the dark red of the (pirounding rock. These spots, how- 
ever, ore not, as may at first bo supposed, mere superficial films, but de- 
rive their circular fonn from a coloured sphere to which they belong. This 
sphere is not to be distinguished from the rest of the bed by any difierenoe in 
mechanical structure, but merely by the absence of much of that oxide of 
iron with which the other portion of tho mass is charged. The circumfer- 
ence of this coloured sphere is usually well defined ; and at its centre may 
always bo obsci'vod matter of a darker colour, in some cases disposed in 
ooiicenlric layers, in others of calcareous and crystalline matter, the re- 
mnins probably of some vegetable or animal organism, the decomposition 
of which exorcised a limited influence on the colouring matter of the sur- 
rounding rock. In some cases I have observed these spheres slightly com- 
pressed at opposite sides, in a direction parallel with tho plane of stratifii- 
catioD, — the result, without doubt, of the subsidence or contraction of tho 
mass, after the central matter or nucleus had ceased to exercise its iufiu* 
euce.’*— ** Ch'.ck's Edinburgh Journal,** February 1831, p. 82. 
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From what source was the immense amoimt of iron derived 
which gives to nearly fivoeixths of the Old Red Sandstone 
the ehai'acteiistic colour to which it owes its name An 
examination of its lowest memW, the great conglomerate, 
suggests a solution of the <iuciy. I have wlvcrted to the 
large proportion of re<l-eoloured pebbles which this member 
contains, and, among the rest, to a red granitic gneiss, wliich 
must have been exposed over wide areas at the time of 
deposition, and which, after the lapse of a period which ex- 
tended from at least the times of the Lower Old Rod to those 
of the Upper Oolite, w’as again thrust iipwartls to the sur- 
face, to form the rectilinear chain of prt'cipitoiis eminences 
to which the hills of Cromarty and of Nigg belong. This 
i*ock is now almost the sole representative, in the north of 
Scotland, of the ancient rocks whence the materials of the 
Old Red Sandstone wrere derived. It abounds in hmmatic 
iron-ore, diffused as a component of the stone throughout the 
entire mass, and wdiich also occurs in it in ponderous insu- 
lated blocks of great richness, and in thin thread-like veins. 
When ground down, it forms a deep rod i>igincnt, undistin- 
guishablc in tint from the prevailing colour of the sandstone, 
and which leaves a stain so difficult to be effaced, that shep- 
herds employ it in some parts^f the Highlands for marking 
their sheep. Every rawer fragment of the rock bears its 
hsDmatic tinge ; and were the whole ground, by some mechar 
uical process, into sand, and again consolidated, the produce 
of the experiment would be undoubtedly a deep red sand- 
stone . In an upper member of the lower formation, — that 
immediately over the ichthyolite beds,— deferent materials 
seem to have been employed. A white quartzy sand and a 
pale-coloured clay form the chief ingredients ; and though 
the ochiy^tinted colouring matter be also iron, it is iron ex- 
isting in a different condition, and in a more diluted form. 
The oxide deposited by the chalybeate springs which pass 
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tlirough the lower membem of the formation would give to 
white sand a tinge exactly resembling the tint borne by this 
upper member. 

The passage of metals from lower to higher formations, 
and from one combination to another, constitutes surely a 
highly interesting subject oi inquiry. The transmission of 
iron in a chemiciil fonn through chalybeate springs, fix)m de- 
posits in which it had been diffused in a form merely me- 
chanical, is of itself curious ; but how much more so its pas- 
sage and subsequent accumulation, as in bog-iron and the iron 
of the Coal Measures, through the agency of vegetation 1 How 
stmnge, if the steel axe of the woodman should have once 
formed part of an ancient forest ! — ^if, after first existing as 
a solid miiss in a primary rock, it should next have come to 
be diffused as a red pigment in a transition conglomerate, — 
then as a brown oxide in a chalybeate spring, — then as a 
yellowish ochre in a secondary sandstone, — then as a com- 
l)onent part in the stems and twigs of a thick forest of ar- 
boraceous plants, — then again as an iron carbonate slowly ac- 
ciunulating at the bottom of a morass of the Coal Measures, 
— ^then as a layer of indurated bands and nodules of brown 
ore underlying a seam of coal, — and then, finally, that it 
should have been dug out, smelted, and fashioned, and 
employed for the puiqiose of handicraft^ and yet occupy, 
even at this stage, merely a middle place between the trans- 
migrations which have passed and the changes which are 
yet to come I Ciystals of galena sometimes occur in the no- 
dular limestones of the Old Bed Sandstone ; but I am afhdd 
the chemist would find it difficult to fix their probable ge- 
nealogy. 

In at least one respect, every geological history must of 
necessity be unsatisfactory ; and ere I pass to the history of 
the two upper formations of the system, the reader, must per- 
mit me to remind him of it^ There have been individuals, 
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it has been said, vbo, though they could see clearly the fonns 
of objects, wanted, through some strange oiganic defect, the 
faculty of }>er(.*oiviug their distinguishing colours, however 
well marked these might be. The petals of the rose have 
appeared to them of ilio same sombre hue with its stalk : 
and they have reganlod the ripe scarlet chony os tmdistin- 
guishablo iu tint from the green leaves under which it hung. 
The &ce of nat\u-e to such men must ha\o for ever resU*J 
under a cloud ; and a cloud of similtvr character hangs over 
the pictorial restorations of the geologist. The history of this 
and the last chapter is a mert^ proiilo diuwn in black, — an out- 
line without colour, — ^in shoi*t, such a chn)nicle of past ages 
as raiglit be reconstructed, in the lack of otlier and ampler 
materials, from tombstoue.s and chaniel-liouses. 1 liave had 
to draw the portrait from the skeleton. My specimens show 
the general form of the creatures I attempt to describe, and 
not a few of their more marked, peculiarities ; but many of 
the nicer elegancies are wanting ; and tho “ complexion to 
which they liave come” leaves no trace by which to discover 
the complexion they originally bore. And yet colour Ls a 
mighty matter to the ichthyologist The “ fins and shining 
scales,” “ the waved coats, dropt with gold,” the rainbow-dyos 
of beauty of the watery tribes, arc connected often with more 
than mere external character. It is a curious and interest- 
ing fact, that the hues of splendour in which they are be- 
decked arc in some instances as intimately associated with 
their instincts, — ^with their feelings, if I may so speak, — as 
the blush which suffuses the human countenance is associated 
with the sense of shame, or its tint of as]j^ paleness or of 
sallow with emotions of rage or feelings of a panic terror. 
Pain and triumph have each their index of colour among the 
mute inhabitants of our seas and rivers. Poets themselves 
have bewailed the utter inadequacy of words to describe the 
vaxying tints and shades of beauty with which the agonies of 
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death dye the scales of the dolphin, and how every various 
imng calls up a various suffusion of splendour.* Even the 
common stickleback of our ponds and ditches can put on its 
colours to picture its emotions. There is, it seems, a mi^ty 
amount of ambition, and a vast deal of fightipg sheerly for 
conquest’s sKike, among the myriads of this pigmy little fish 
which inhabit our smaller streams ; and no sooner does an 
individual succeed in expelling his weaker companions from 
some eighteen inches or two feet 'of temtory, than straight- 
way the exultation of conquest converts the faded and freckled 
olive of his back and sides into a glow of crimson and bright 
green. Nature fumishes him with a regal robe for the oc- 
casion. Immediately on his deposition, however, — and events 
of this kind are even more common under than out of the 


* The dcflcription of Falconer must be familir.r to every reader, but I 
cannot resist quoting it. It showsJUow minutely the sailor poet must have 
observed. Byron tells us how 

** Pal ting day 

Dies like the dolphin, whom each pang imbues 
With a now colour, os it gasps away. 

The last still loveliest, till — ’tis gone, and all is gray.” 

Falconor, in anticipating, reversed the simile. The huge animal, struck by 
the ** unerring barb” of Rodmond, has been drawn on board, and 
** On dock he struggles with convulsive pain. 

But while bis heart the fatal javelin thrills, 

And flitting life escapes in sanguine rills, 

What radiant changes strike the astonished sight ! 

What glowing hues of mingled shade and light ! 

Not equal beauties gild the lucid west 
With parting beams o’er all profusely drost,— 

Not lovelier colours paint the vernal dawn, 

When orient dews impearl the otiameird lawn,>- 
Than from bis sides in bright suffusion flow, 

That now with gold empyreal seem to glow ; 

Now in pellucid sapphires meet the view. 

And emulate the soft celestial hue ; 

Now beam a flaming orimion on the eye, 

And now assume the purple's deeper 

But here description clouds each shining ray, 

What terms of art can Nature's powers display T* 
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'water , — hk gay colours disappear, and ho sinks into his ori- 
ginal and native ugliness.* 

But of colour, as I have said, though thus iin]>ortant> the 
ichthyologist can learu almost nothing from geology. The 
perfect rcstor%tioii3 of even a Cuvier iiiv blank outlines. We 
just know by a wonderful accident that the SiWrian elephant 
was red. A very few of the origintil still remain amonaj 
the fossils of our noi*th-oountry Lias. Tin, nniiuonib^, wlie; 
stnick fresh fi*om the surrounding lime, reflects the [insmatic 
colours, as of old ; a huge modiola still retain.^ its tinge of 
tawny and yellow ; and the fossilized wood of the formation 

• “111 tbo * Magazmo of Natural History,* ** says Captain Urowu, in ono 
of his notoH to * White’s Sellximc,* “ wo havea nirions account of the jmg- 
naciouB pro]ien8ities of these little animals. * Having at various times,’ 
says a correspondent, * kept these little fish during tho spring and part of 
the summer months, and paid close attention to their habits, I am enabled 
from my own experience to vouch for tho facta I am about to rcinto. I 
have frequently kept them in a deal tul^ about three foot two inches wide, 
and about two feet deep. When they are put in for some time, probably 
a day or two, they swim about iu a shoal, apparently exploring their new 
habitation. Suddenly ono will take possession of tho tub, or, as it will 
sometimes hapxien, tho bottom, and will instantly cornmoiice an attack upon 
his com]»auious ; and, if any of them venture to oppose his sway, a regular 
and most furious battle ensues, lliey swim round and round each other 
with the greatest rapidityi biting (their mouths being well furnished with 
teeth), and endeavouring to pierce each other with their lateral spines, 
wdiich on this occasion are projected. I have witnessed a battle of this 
sort which lasted several minutes before either would give way ; and when 
one does submit, imagination cm hardly conceive tho vindictive fury of 
the conqueror, who, in the most persevering and unrelenting way, chases 
bis rival from one part of tho tub to another, until fairly exhausted with 
fatigue. From this period an interesting change takes place iu the con- 
queror, who, from being a speckled and greenish-looking fish, assumes tho 
most beautiful colours ; the belly and lower jaws becoming a deep crimson, 
and the back sometimes a cream colour, but general]^ a fine green, and tho 
whole appearance full of animation and spirit. I have occasionally known 
three or four parts of the tub taken possession of by theso littlo tyrants, 
who guard their torritorios with the strictest vigilance ; and the slightest 
invasion bmgs on invariably a battle. A strange alteration immediately 
takes place in the defeated party : his gallant bearing forsakes him ; his 
gay coloui's fade away; he becomes again speckled and ugly; and he hides 
his disgrace among his peaceable companions.’ ” 
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preserves a shade of the native tint^ though darkened into 
browa But there is considerably less of colour in the fossils 
of the Old Red Sandstone. I have caught, and barely caught, 
in some of the newly-disinterred specimens, the faint and 
evanescent reflection of a tinge of pearl ; and were I acquaint- 
ed with my own collection only, imagination, borrowing from 
the prevailing colour, would be apt to people the ancient 
oceans, in wliich its forms existed, with svrarthy races exclu- 
sively. But a view of the Altyre fossils woidd correct the 
impression. They are inclosed, like those of Cromarty, in 
nodules of an argillaceous limestone. The colour, however, 
from the presence of iron and tlie absence of bitumen, is dif- 
ferent It presents a mixture of gray, of pink, and of brown ; 
and on this ground the fossil is spread out in sti'ongly-con- 
iinsted masses of white and dai*k red, of blue and of purple. 
Wheye the exuviie lie thickest, the white appears tinged with 
delicate blue : the bone is but little changed. Where they 
Bve spread out more thinly, the iron has pervaded them, and 
the purple and deep-red prevail. Thus the same ichthyolite 
presents, in some specimens, a body of white and plum-blue 
attached to fins of deep red, and with detached scales of red 
and of puride lying scattered around it* I need hardly add, 
however, tliat all this variety of coloui’ing is, like the unva- 
ried block of the Cromarty specimens, the result merely of a 
curious chemistry. 
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CHAPTEE XIV. 


The Comstono Formation and its Organisms^Dwarf Vegetation~Ct2?//<v< 
Uupidei^'Huge Lobster— Habitats of the Existing Crustacea— No unapt 
Representation of the Deposit of Balruddery furnished by a Land-locked 
Bay in the Neighbourhood of Ci-omarty— Vast S{>aco occupied by the 
Oleological Formations — Contrasted with the Half-formed Deposits which 
represent the Existing Creation— Inference— The Formation of the Hb- 
{optyc^iiM-^Probable Ori^^n of its Siliceous Limestone— Marked Increase 
in the Buljc of the Existences of the System— Coiyectural Cause— The 
Coal Measures— The Limestone of Burdichouse— Conclusion. 

The curtain, rises, and tlie scene is new. Tlie myriads of 
the lower formation have disappeared, and wo are surround- 
ed, on an upper platform, by the existences of a later crea- 
tion. There is sea all around, as before ; and we find be- 
neath a dark-coloured muddy bottom, thickly covered by 
a dwarf vegetation. The circumstances differ little from 
those in which the ichthyolite beds of the preceding period 
were deposited ; but forms of life essentially difiTcrent career 
throu^ the green depths, or creep over the ooza Shoals of 
Cephalaapides, with their broad aiTow-like heads and their 
slender angular bodies, feathered with fins, sweep past like 
clouds of cross-bow bolts in an ancient battle. 'W e see the 
distant gleam of scales, but the forms are iiulistj|pct and dim : 
we can merely ascertain that the fins are elevated by spines 
of various shape and pattern ; that of some, the coats glitter 
with enamel; and that others — ^the sharks of this ancient 
period — bristle over with minute thorny points. A huge 
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crustacean, of uncouth proportions, stalks over the weedy 
bottom, or burrows in the holloiys of the banks. 

Let us attempt bringing our knowledge of the present to 
bear upon the past. The larger Crustacea of the British seas 
abound most on iron-bound coasts, where they find sheltering 
places in the deeper fissures of searcliffs covered up by kelp 
and tangle, or under the lower edges of detached boulders, 
that rest unequally on uneven platforms of rock, amid forests 
of the rough-stemmed cuvy. We may traverse sandy or 
muddy shores for miles together without finding a single 
crab, unless a belt of pebbles lines the upper zone of beach, 
where the forked and serrated fuci first appear, or a few 
weed-covered fragments of rock here and there occur in 
groupes on the lower zones. In this formation, however, the 
bottom must have been formed of mingled sand and mud, and 
yet the Crustacea were abundant. How accoimt for the fact ) 
There is in most instances an interesting conformity between 
the character of the ancient rocks, in which we find groupes 
of peculiar fossils, and the habitats of those existences of 
the present creation which these fossils most resemble. The 
fishci*man casts his nets in a central hollow of the Moray 
Frith, about thirty fathoms in deptli,«and draws them up foul 
with masses of a fetid mud, charged with multitudes of that 
curious purple-coloured zoophyte the sea-pen, invariably an 
inhabitant of such recesses. The graptolite of the most an- 
cient fossiliferous rocks, — an existence of unequivocally the 
same type, — occurs in greatest abundance in a finely-levigated 
mudstone, for it too was a dweller in the mud. In like man- 
ner, vre may fi.nd the ancient modvola of the Lias in habitats 
analogous to those of its modem representative the musde, 
and th^ encrinite of the Mountain Limestone fast rooted to 
its rocky platform, just as we may sec the helianthoida and 
ascidioida of our seas fixed to their boulders and rocky sker- 
rica But is not analogy at fimlt in the present instance 1 
" B. 
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Quite tibe reverse. Mark how thickly these carboDaceous 
impresBioiis cover the muddy-colouaed and fissile sandstones 
of the formation, giving evidence of an abundant vegetation. 
We may learn fix>m these obscure markkigs, that the place 
in which they grew could have been no unfit habitat for the 
crustaoeous tribes. 

There is a little land-locked bay on the southern shore of 
the Frith of Cromarty, effectually screened from the easterly 
winds by the promontory on which the town is built, and but 
little affected by those of any other quarter, from the prox- 
imity of the neighbouring shores. The bottom, at low ebb, 
presents a level plain of sand, so thickly covered by the green 
grass-weed of our more sheltered sandy bays and estuaries, 
that it presents almost the appearance of a meadow. The 
roots penetrate the sand to the depth of nearly a foot, binding 
it firmly together ; and as they have grown and decayed in 
it for centuries, it has acquired, from the disseminated par- 
ticles of vegetable matter, a deep* leaden tint, more nearly 
approaching to black than even the dark-gray mudstones of 
Balruddery, Nor is this the only effect : the intertwisted 
fibres impart to it such coherency that, where scooped out 
into pools, the edges stand up perpendicular from the water, 
like banks of clay ; and where these are hollowed into cave- 
like recesses, — and there are few of them that are not so hol- 
lowed, — ^the recesses remain unbroken and unfilled for years. 
The weeds have imparted to the sand a character different 
from its own, and have rendered it a suitable habitat for 
numerous tribes, which in other circumstances would have 
found no shelter in it. Now, among these we find in abun- 
dance the larger crustaceans of our coasts. ^JThe brown edible 
crab harbours in the hollows beside the pools : occasionally 
we may find in them an overgrown lobster, studded with pa- 
rasitical shells and zoophytes, — ^proof that the creature, hav- 
ing attained its full size^ had ceased to cast its plated covering. 
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Crustaceans of the smaller vaiieties abound. Herndberabs ^ 
trayerse the pools, or oreqp among the weed ; the dark-green 
and the dingjr hui^back crabs occur nearly as frequently ; 
the radiata cover banks by thousands. We occa- 
sionally the remains of dead fish left by the retreating tide ; 
but the living are much more numerous than the dead ; for 
the sand-eel has suffered the water to retire, and yet remain- 
ed behind in its burrow ; and the viviparous blenny and com- . 
mon gunnel still shelter beside their fuci-covered masses of 
rock. Imagine the bottom of this little bay covered up by 
thick beds of sand and gravel, and the whole consolidated 
into stone, and we have in it all the conditions of the deposit 
of Balruddery, — a mud-coloured arenaceous deposit abound- 
ing in vegetable impressions, and inclosing numerous remains 
of crustaceans, fish, and radiata^ as its characteristic organisms 
of the animal kingdom. There would be but one circumstance 
of difference : the little bay abounds in shells ; whereas no 
shells have yet been found in the mudstones of Balruddery, 
or the gray sandstones of the same formation, which, in For- 
far, Fif^ and Morayshires, represent the Comstone division 
of the system. 

Ages and centuries passed, but who can sum up their num- 
ber ? In England the depth of this middle formation gi'eatly 
exceeds that of any of the other two ; in Scotland it is much 
less amply developed ; but in either country it must repre- 
sent periods of scarce conceivable extent. I have listened to 
the controversies of opposite schools of geologists, who from 
the earth’s strata extract registers of the earth’s age of an 
amount amazingly different One class, regarding the geolo- 
gical field as if under the infiuence of those principles of per- 
spective which give to the cottage in front more than the bulk 
and altitude of the mountain bdiind, would assign to the pre- 
sent scene of things its thousands of years, but to all the ex- 
tinct periods united merely their few centuries ; while with 
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their opponents, the remoter periods stitch out &r into the 
bygone eternity, and the present scene seems but a narrow 
strip running along the foreground Both classes appeal to 
facts ; and, leaving them to their disput^ I have gone out 
to examine and judge for myself. The better to compare the 
present with the past, I have regarded the existing scene 
merely as a fomvathn ^ — ^not as superficies, but as depth ; and 
have sought to ascertain the extent to which, in difierent lo- 
calities, and under different circumstances, it has overlaid the 
surface. 

The slopes of an ancient forest incline towards a river that 
flows sluggishly onwards through a deep nlluvial plain, once 
an extensive lake. A recent landslip has opened up one of 
the hanging thickets. Uprooted trees, mingled with bushes, 
lie at the foot of the slope, half-buried in broken masses of 
turf ; and we see above, a section of the soil from the line 
of vegetation to the bare rock. There is an under belt of 
clay and an upper belt of gravel, neither of which contains 
anything organic ; and, overtopping the whole, we may see a 
dark-coloured bar of mould, barely a foot in thickness, studd- 
ed with stumps and interlaced with roots. Mark that nar- 
row bar : it is the geological representative of six thousand 
years. A stony bar of similar appearance runs through the 
strata of the Wealden ; it too has its dingy colour, its stumps, 
and its interlacing roots ; but it forms only a very inconsi- 
derable portion of one of the least considerable of all the for- 
mations ; and yet who shall venture to say that it does not 
represent a period as extended as that represented by the dark 
bar in the ancient forest, seeing there is not a circumstance 
of difference between them ? w* ^ 

We descend to the river side. The incessant action of the 
current has worn a deep channel through the leaden-coloured 
silt ; the banks stand up perpendicularly over the water, and 
downwards, for twenty feet together, — for such is the depth 
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of the deposit : we may trace layer after layer of reeds, and 
flags, and fragments of driftwood, and find here and there a 
few fresh-water shells of the existing speciea In this locality 
six thousand years are represented by twenty feet The depth 
of the various fossiliferous formations united is at least fifteen 
hundred times as great 

We pursue our walk, and pass through a morass. Three 
tiers of forest-trees appear in the section laid open by the 
stream, the one above the other. Overlying these there is a 
congeries of the remains of aquatic plants, which must have 
grown and decayed on the spot for many ages after the soil 
had so changed that trees could be produced by it no longer : 
and over the whole there occur layers of mosses, that must 
have found root on the sui'face after the waters had been 
drained away by tlie deepening channel of the river. The six 
thousand years arc here I'epresented by that morass, its three 
succeeding forests, its beds of aquatic vegetation, its bands of 
moss, and the thin stratum of soil wliich overlies the whole; 
Well, but it forms, notwithstanding, only the mere beginning 
of a formation. Pile up twenty such morasses, the one over 
the other ; separate them by a hundred such bands of alluvial 
silt as we have just examined a little higher up the stream ; 
throw in some forty or fifty thick> beds of sand to swell the 
amount j and the whole together will but barely equal the 
Coal Measures, — one of many formations. » 

But the marine deposits of the present creation have been 
perhaps accumulating more rapidly than those of our lakes, 
forests, or rivers ? Yes, unquestionably in friths and estu- 
aries, in the neighbourhood of streams that drain vast tracts 
of ipuntiy, and roll down the soil and clay swept by the win- 
ter rains from thousands of hill-sides ; but what is there to 
lead to the formation of sudden deposits in those profounder 
depths of the sea in which the water retains its blue trans- 
parency all the year round, let the waves rise as they may 1 



2G2 


THE OLD RED SANDSTONE. 


And do vrc not know that along manj^ of our wliorc^ the pro- 
cess of accumulation is well nigh as slow as on the land it- 
self ? Tlie existing creation is represented in the little land- 
locked bay, where the Crustacea harbour so thickly, by a do- 
IK)sit hardly three feet in thieknesa In a more exposed lo- 
cality, on the opposite side of the piX)montoiy, it finds its re- 
presentative in a deposit of barely nine inches. It is surely 
the present scene of things that is in its infimey I Into how 
slender a bulk have the organisms of six thousand years been 
compressed ! History tells us of populous nations, now ex- 
tinct, that flourished for ages : do we hot find their remains 
crowded into a few streets of sepulchres 1 ’Tis but a thin 
layer of soil that covem the ancient plain of Marathon. I 
have stood on Bannockburn, and seen no trace of the battla 
In what lower stratum shall we set ourselves to discover the 
skeletons of the wolves and bears that once infested our fo- 
rests ? Where shall we find accumulations of the remains 
of the wild bisons and gigantic elks, their cohtempomnes ? 
They must have existed for but comparatively a short period, 
or they would surely have left more marked traces behind 
them. 

When we appeal to the liistorians, we hear much of a re- 
mote antiquity in the histoiy of man : a more than twilight 
gloom pcivadcs the earlier periods ; and the distances are 
exaggerated, as objects appear large in a fog. Wo measure, 
too, by a minute scale. There is a tacit reference to the 
threescore and ten years of human life : and its term of a day 
appears long to the ephemera. We tum-from the historians 
to the prophets, and find the dissimilarity of style indicating 
a different speaker. Ezekiel's mcasuring-ilKid is gnulu^ted 
into cubits of the temple. The vast periods of the short-livcfd 
historian dwindled down into weeks and days. Seventy 
weeks indicated to Daniel, in the first year of Darius, the 
time of the Messiah’s coming. Three years and a half limit 
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the term of the Mohammedan delnsiom Seventeen years 
have not yet gone by since Adam first arose from the mould ; 
nor has the race, as such, attained to the maturity of even 
early manhood. But ivhile prophecy sums up merely weeks 
and days when it refers to the pasi^ it looks forward into the 
future, and speaks of a thousand years. Are scales of un* 
equally graduated parts ever used in measuring difierent por- 
tions of the same map or section, — scales so very unequally 
graduated, that while the parts in some places expand to the 
natural size^ they are in others more than three hundred times 
diminished t If not^ — ^for what save inextricable confusion 
would result from their usel — how avoid the conclusion, that 
the typical scale employed in the same book by the same 
prophet represents similar quantities by corresponding parts, 
whether applied to times of outrage, delusion, and calamity, 
or set off against tliat long and happy period in which the 
spirit of evil shall be bound in chains and darkness, and the 
kingdom of Christ shall have come ? And if such be the case^ 
— if each single year of the thousand years of the future re- 
presents a term as extended as each single year of the seven- 
teen yeara of the past, — if the present scene of things be thus 
merely in its beginning, — ^should we at all wonder to find 
that the formation w'hich represents it has laid down merely 
its few firat strata ? 

The curtain again rises. A last day had at length come 
to the period of the middle formation ; and in an ocean 
roughened by waves and agitated by currents, like the ocean 
which flowed over the conglomemte base of the system, we 
find new races of existences. We may mark the clumsy bulk 
of the Iloloptychim conspicuous in the group ; the shark 
family have their representatives as before ; a new variety 
of the PtericJUhya spreads out its spear-like wings at every 
alarm, like its predecessors of the lower formation ; shoals of 
fish of a type more common, but still unnamed and unde- 
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scribed, sport amid the eddies ; and wo may see attaclied to 
the rocks below, substances of uncouth form and th>ubtful 
structure, with which the oroctyologist has still to accpiaint 
himself. The depositions o£ this upper ocean ai*e of a mixed 
character : the beds are less uniform and continuous than at 
a greater depth : in some places they consist exclusively of 
sandstone, in others of conglomerate ; and yet the sandstone 
and oonj^omerate seem, from thrir frequent occurrence on the 
same platform, to have been formed simultaneously. The 
transporting and depositing agents must have become more 
partial in their action than during the earlier period. They 
had their foci of strength and their circumference of com- 
parative weakness ; and while the heavier j>ebbles which com- 
posed the conglpmerate were in the course of being deposited 
in the foci, the lighter sand which composes tlie sandstone 
was settling in those outer skirts by which the foci were sur- 
rounded. At this stage, too, there arc unequivoail marks, in 
the northern localities, of extensive denudation. The older 
stiata are cut away in some places to a considerable depth, 
and newer stmta of the same formation deposited unconfor- 
mably over them. There must have been partial npheavings 
and depressions, corresponding with the partial character of 
the depositions ; and, as a uecossjiry conscqucuco, frequent 
shiftings of currents. The ocean, too, seems to have lessened 
its general depth, and the bottom to have lain more exposed 
to the influence of the waves. And hence one cause, added 
to the porous nature of the matrix and the diflused oxide, of 
the detached, and, if I may so express myself, churchyard 
character of its organisms. 

Above the blended conglomerates and sai^tones of this 
band a deposition of lime took place. Thermal springs, 
charged with calcareous matter slightly mixed with silex, 
seem to have abounded, during the period which it repre- 
sents, over widely-extended areas ; and hence probably its 
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origin. An increase of heat from beneath, through some 
new activity imparted to the Plutonic agencies, would be of 
itself suihciimt to account for the formation. I have resided 
in a district in which almost ereiy spring waa charged with 
calcareous earth ; but in cisterns or draw-wells, or the uten- 
sils in which the housewife stored up for use the water which 
these supplied, no deposition took placa With boilers and 
tea-kettles, however, the case was different The sgsncy of 
heat was brought to operate upon these ; and their sides and 
bottoms were covered, in consequence, with a thick crust of 
lime. Now, we have but to apply the simple principles on 
which such phenomena occur, to account for widely-spread 
precipitates of the same earth by either springs or seas, which 
at a lower temperature would have been actare in the forma- 
tion of mechanical deposits alona The temperature sunk 
gradually to its former state ; the purely chemical deposit 
ceased ; the waters became populous as before with animals 
of the same character and api>earance as those of the upper 
conglomerate j and layer after layer of yellow sandstone, to 
the depth of several hundred feet, were formed as the period 
passed. With tliis upper deposit the system terminated. 

Though fish still remained the lords of creation, and fish 
of apparently no superior order to those with which the 
vertebrata began at least three formations earlier, they had 
mightily advanced in one striking particular. If their or- 
ganization was in no degree more perfect than at first, their 
bulk at least had become immensely more great. The period 
had gone by in which a mediocrity of dimension characterized 
the existences of the ancient oceans, and fish, aimed offen- 
sively and defensively with scales and teeth scarcely inferior 
in size to the scales and teeth of the gaVial or the alligator, 
sprung into existence. It must have been a large jaw and a 
large head that contained, doubtless among many others, a 
tooth an inch in diameter at the baisfe, I may i-emark, in the 
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passing, that most of the teeth found in the several fonimtions* 
of the system ai^e not instruments of mastication, but, like 
those in most of the existing fish, mere hooks for penetrating 
slippery substances, and thus holding them fast The rude 
angler who first fashioned a crooked bone, or a bit of native 
silver or copper, into a hook, might have found his invention 
anticipated in the jaws of the first^fish he drew ashore by its 
means; and we find the hook-structare as complete in the 
earlier ichthyolites of the Old Bed Sandstone as in the fish 
that exist now. The evidence of the geologist is of necessity 
circumstantial evidence, and he need look for none other ; but 
it is interesting to observe how directly the separate fkets 
bear, in many examples, on one and the same point The 
hooked and slender teeth tell exactly the same story with 
the undigested scales in the foecal remains alluded to in an 
early chapter. . 

In what could this increase in bulk have originated ? Is 
there a high but yet comparatively medium temperature in 
which animals attain their greatest size, and corresponding 
gradations of descent on both sides, whether we increase the 
heat until we reach the point at which life can no longer 
exist, or diminish it until we arrive at the same result from 
intensity of cold 1 The line of existence bisects on both sides 
the line of extinction. May it not probably form a curve, 
descending equally from an elevated centre to the points of 
bisection on the level of death ] But whatever may have 
been the cause, the change furnishes another instance of anar 
logy between the progress of individuals and of orders. The 
shark and the sword-fish begin to exist as little creatures of 
a span in length ; they expand into monstera^jwhose bodies 
equal in hugeness the trunks of ancient oaks ; and thugf has 
it been with the order to which they belong. The teeth, 
spines, and palatial bones of the fish of the Upper Ludlow 
rocks ore of almost microscopic minuteness ; an invariable 
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•mediocrity of dimension characterizes the ichthyolites of the 
Lower Old Bed Sandstone ; a marked increase in size takes 
place among the existences of the middle formation ; in the 
upper, the bulky Uoloplychius appears ; the close of the 
system ushers in the still bulkier Megalichthya ; and low in 
the Coal Measures we find the ponderous bones^ bucklerJike 
scales, and enormous teel^, of another and immensely more 
gigantic Hcll^ychmB ^ — a creature pronounced by Ageam 
the largest of all osseous fishes.* Wesbegin with an age of 
dwar^ — ^we end with an age of giants. The march of Nature 
is an onward and an ascending march ; the stages are slow, 
but the tread is stately ; and to Jlim who has commanded, 
and who overlooks it, a thousand years are as but a single 
day, and a single day as a thousand years, f 

We have entered the Coal Measures. For seven forma- 
tions together, — ^from the Lower Silurian to the Upper Old 
Bed Sandstone, — our course has .lain over oceans without a 
visible ^oro, though, like Columbus in his voyage of disco- 
very, we have now and then found a little floating weed, to 
indicate thb approaching coast. The water is fast shallowing. 
Yonder passes a broken branch, with the leaves still un- 
withered ; and there floats a tuft of fern. Land, fix)m the 
mast-head ! land ! land ! — a low shore thickly covered with 
vegetation. Huge trees of wonderful form stand out far into 
the water. There seems no intervening beacL A thick 
hedge of reeds, tall as the masts of pinnaces, runs along the 
deeper bays, like water-flags at the edge of a laka A river 

* There have been fish-Bcales found in Bordiehonse five inches in length, 
by rather more than four in breadth. Of the gigantic HoloptyehiM of this 
deposit we have still much to loam. The fragment of a jaw, in the pos- 
session of the Royal Society of Edinbuigh, which belonged to an individual 
of the species, is 18} inches in length ; and it is flumished with teeth, ono 
of which, from base to point, measures five inches, and another four and 
a-half. 

f See on this subject the introductory note to the third editioD, and 
note p. 176* 
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of vast volume comes rolling from the interior, darkening 
the water for leagues with its slime and mud, and bearing 
with it to the open sea, reeds, and fern, and cones of the pine, 
and immense floats of leaves, and now and then some bulky 
tre^ undermined and uprooted fcy the current. We near the 
coast, and now enter the opening of the stream. A scai*ce 
penetrable phalanx of reeds, that attain to the height and 
well nigh the bulk of forest-trees, is ranged on either hand. 
The bright and glossy stems seem rodded likf- Gothic co- 
lumns 3 the pointed leaves stand out green at every joint, 
tier above tier, each tier resembling a coronal wreath or an 
ancient, crown, with the mys turned outwards : and w’^e see 
atop what may be either large spikes or catkins. What 
strange forms of vegetable life appear in the forest behind ! 
Can that be a club-moss that liaises its slender height for more 
than fifty feet from the soil ? Or can these tall palm-like 
trees be actually ferns, and these spreading branches mere 
fronds ? And then these gigantic reeds ! — are they not mere 
varieties of the common horse-tail of our bogs and morasses, 
magnified some sixty or a hundred times 1 Have" we arrived 
at some such country as the continent visited by Gulliver, in 
which he found thickets of weeds and grass tall as woods of 
twenty years’ growth, and lost liimself amid a forest of com 
fifty feet in height ? The lesser vegetation of our own country. 
— creeds, mosses, and ferns, — ^sgems here as if viewed through 
a microscope : the dwarfs have sprung up into giants, and 
yet there appears to be no proportional increase in size among 
what are unequivocally its trees. Yonder is a group of what 
seem to be pines, — tall and bulky, ’tis true, but neither taller 
nor bulkier than the pines of Norway and Arnica ; and the 
club-moss behind shoots up its green haiiy arms, loaded with 
what seem catkins, above their topmost cones. But what mon- 
ster of the vegetable world corner floating down the stream, — 
now circling round in the eddies, now dancing on the ripple. 
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now shooting down the rapid 1 It resembles a gigantic star- 
fish, or an immense coach-wheel divested of the rimu There 
is a green dome-like mass in the centre, that corresponds to 
the nave of the wheel or the body of the star-fish ; and the 
boughs shoot out horizontally on every side, like spokes from 
the nave, or rays from the central body. The diameter con- 
siderably exceeds forty feet ; the branches, originally of a 
deep green, are assuming the golden tinge of decay ; the cy- 
lindrical and hollow leaves stand out thick on every side, like 
prickles of the wild rose on the red, fleshy, lance-like shoots 
of a year’s growth, that will be covered two seasons hence 
with flowers and fruit. That strangely-formed organism pre- 
sents no existing type among all the numerous &,milies of the 
vegetable kingdom. (See Note O.) There is an amazing 
luxuriance of growtli all around us. Scarce can the current 
make way through the thickets of aquatic plants that rise 
thick from the muddy bottom ; and though the sunshine falls 
bright on the upper boughs of the tangled forest beyond, not 
a ray penetrates the more than twilight gloom that broods 
over the marshy platform below. The rank steam of decay- 
ing vegetation forms a thick blue haze, that partially obscures 
the underwood ; deadly lakes of carbonic acid gas have accu- 
mulated in the hollows ; there is silence all around, uninter- 
rupted save by the sudden splash of some reptile fish that has 
risen to the surface in pursuif^of its prey, or when a sudden 
breeze stirs the hot air, and shakes the fronds of tlie giant 
ferns or the catkins of the reeds. The wide continent before 
us is a continent devoid of animal life^ save that its pools and 
rivers abound in fish and molluscs, and that millions and tens 
of millions of the infusoiy tribes swarm in the bogs and max^ 
shea: Here and there, too, an insect of strange form flutters 
among the leaves. It is more than probable that no creature 
furnished with lungsof the more perfect construction could have 
breathed the atmosphere of this early period, and have lived. 
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Dmite lam ben eeterteined whether the UiiMUme of 
Burdiehoose belongs to the upper Old Bed Sendiitoiie or to 
the inferior Coal Measurea. And the may yet come to 
be quoted as a yexy direct proof of the ignorance which ob- 
tained regarding the fossils of the older formatioii, at a time 
when the organisms of tlio most of the other formations, both 
above and below it, had been carefully explored Tlie Lime- 
stone of Burdiehouse is unequivocally and most characteris- 
tically a Coal-Mcasuro limestone. It abounds in vegetable 
remains of terrestrial or lacustrine growth, and those, too, the 
vegetalilcs common to the Coal Measures, — ferns, hh-hK and 
club-mosses. One can scarce ilotach a fnigiuont fn>in the 
mass that has not its lotUlet or its seed-cone inclose<l, and in 
a state of such jHjrfect pin?servation, that there can l)e no pos- 
sibility of mistaking its chaiucter. If in reality a marine de- 
{wsit, it must have lioen foimed in tlie imiuediate neighbour- 
hoo<l of a land covereil with vegebition. The dove set loom? 
by Noah bore not bock with it a less equivocal sign that the 
waters had abated Now, in the upper Old Bed Sandstone 
none of these plants occur. The de[)OHit is exclusively an 
ocean deposit, and the remains in Scotland, until wo arrive 
at its inferior and middle formations, are exclusively animal 
remains. Its upper memlxsr, “ the yellow sandstone,*’ says 
Dr Anderson of Newburgh, “ docs not exhibit a single par- 
ticle of carbonaceous matter,^— no trace or film of a branch 
having been detected in it, though, if such in reality'cxistcd, 
there are not wanting opportunities of obtaining specimens 
in some one of the twenty or thirty quarries which have been 
opened in the county of Fife in this deposit alone.” No two 
bordering formations in the geological s69.le have their boun- 
daries better defined by the character of their fossils than the 
Old Bed ^ndsione and the Coal Measures. 

We pursue our history no further. Its after course is 
comparatively well known. The huge sauroid fish was sue*- 
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oaeded by ilie aqaatty bilge vqp(3l<^--46e Np<£le by fli« 
->the bird by the marsapial quadruped ; and at length, after 
raoee hij^er in the aoale of inatinct had taken preeedenoe^ in 
•ueceesion, the one of the oUier, the eagadou* elqphant iqi- 
peered, aa the lord of that latent creation which immediately 
preceded our own. How natural does the thought seem 
which suggeatod itaelf to the profound mind of Cuvier, when 
indulging in a aimilar review ! Haa the laat scene in the 
series arisen, or haa Deity expended hia infinitude of resource, 
and reached the ultimate stage of progression at which per- 
fection can arrive 1 The philosopher hesitated, and then de- 
rided hi the negative, for bo was too intimately acquainted 
with the works of the Omni|x>tent Creator to think of limit- 
ing his power ; and he could therefore anticipate a coming 
period, in which man would have to resign liia {mat of honour 
to some nobler and wiser creature, — the monarch of a better 
and happier world. How well it ia to be permitted to in- 
dulge in the expansion of Cuvier's thon|^t^ without sharing 
in the melancholy of Cuvier's feeling — to be enabled to look 
forward to the coming of a new heaven and a new earth, not 
in terror, but in hoiie, — to be encouraged to believe in the 
system of intending progression, but to entertain no fear of 
the degradation or deposition of man ! The adorable Mo- 
narch of the future^ with all its unsummed perfhetion, has al- 
ready passed into the heavens, ^fieab of our flesh and bone of 
our bonc^ and Enoch and Elias are there with him, — fit 
representatives of that dominmit race which no other race 
shall ever supplant or succeed, and to whose onward and up- 
ward march the deep echoes of eternity shall never cease to 
respond. 
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rBOM Agassiz’s **poissoks fossilbs." 


'Hk!- }» yiionyiw 8 lien*,— iinw faipplaiiUnl, howox’cr, — with tho iiatjw 4 
nf a few doubtful i>r fiv‘titu>U 8 «pecio<, aro tia/ic# ; >• the fiTUU'r 

oppoeite the names uhimatvty adopWd^^the Ulier immediately uuder th«* 
namefc of the tiewrniiued 


Ac«nih<%(h« puflitlus. 

Acttuolvpis tubcrculatus. 

A*torolvpis Asmusii.— S tn. Chehpu:h(hijs 
" apical is. 

^ frranulata. 

ILcniughauwii. 

Malcoluisoni. 

minor. — S tk. Chclonichthj^B minoy. 

* ornaia. 

coticcitenaltu. 

dtj*rc99M, 

Bothriolcpis favosa. — S yn. Olyj»to*te\u farotua, 

■ omata '* '* retieuhtus, 

Bjssacauthua arcuatus. 

*' crenulatui. 

Invia. 

Cephalaapis LewisU. 

Lloydii. 

" Lyellii. 

” roatratuii. 

Cheiracanthua microlepidotus. 

* minor. 

* Murchiaoni 
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Ch«iioIapls CvmiDiiigl*. 

* TniUii 

* Uragiii. 

* ipttmdeiu, 

" unUatmiig. 

Chel^ophorui pii«tuUtiii. 

* Verneuilii. 

C]«4cidiu timplex. 

Cliiujitiua reticuUiuj. 

Cocoosietu ciupirUitu. 

* ilocipien*. — STy. UUtu. 

** niaximiu. 

* riblon((Uii. 

CovmacanUiuii Malcolfnxcr&i. 

Cricotlua incurvuii.~8T5. iMndrodut incurriu, 
CtcuacaiiUiux onialux. 

* lArrnjlatut. 

CteDudiii} Kcy.icrliugii. 

” liiargtiialix. 

* pan ultu. 

Worthii, 

* radiaiut. 


CUnoptychiu* prixctu. 

DcDdnxlua latus, 

” minor. 

” sigmoidoa. 

“ ftirigaiux. 

” tcnuiAtriatos. 

Diplocanihus cmmispiniu. 

" longigpimu. 

” Biriatulu*. 

" striatus. 

Diplopionu affiuU. 

** lx>realiB.->STfr. 

* luacrocophalna. 

DtpUruB macrolopidotua. . 

” arenooen*. 

” hrachjfpjfffcpttrm. 

" macropygopienu, 

* Vd/eneunnesiL 
Glyptolopia elogant. 

* leptopieruf. 

” microlopidoitts. 

Olypiopomua minor.— S th. Ptaigffmatkut minnr. 
HaplacanthuB marginalia. 

Holoptychiua Andenoui. 


8 
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Holoptyohias Flomingii. 

* giganteiu. 

** Mtirchisoni. 

Nobilimimu^, 

” OmiUiuAii. 

Homacaxithitf arcaatu«. 

Tlomotbor&x Flomiugii. 

LamuoduB biporcaiUB.'— S tn. Dendrodus btporcoiuf. 

hastatuB.— S tk. JPa^kleri. IkHdrodut Aasiafui, comproius, 

* BulcatuB. 

XarcodM pustilifor. 

Xaalaa lulcatUB. 

OdontaeanthaB crenatus.— Syk. Cten&p/ycA tin erena/tn. 

” heUrodon. 

Unchua Ueterogyrus* 

BemistriatuB. 

subla^viB. 

OsteolepU arunatuB. 

” macrultipidotUB. 

micTolcpidoiUf. 

*' inUnncdiui, 

' nanm, 

PaiQphractua ADdenoDi. 

bydrophilus. - Stp. Picrichthyt hydrophilus, 

Parexua recun-us. 

PhyliolepiB <x>Dcentricu8. , 

Placothorax paradoxuB. 

Piatygnathofl Jamenoai. 

” paucidoDs. 

Polypliractua plaiycophalua. 

pBamiuosteuB arenatoB.— Srer. Placoiteus arenatuSm 

maeandriDtiB. ” ” maxmdrinui, 

" paradoxus. * Ptammofepii paradox^n. 

undulatua. " Pl4UiOdt}U undufatus. 

Pierichthys arenaius. 

'* caocrifomiM. 

'* comutuB. 

^ major. 

' MiUeri. 

laius. 

’ oblongns. 

” prodactas. 

" iasiudloarius* 

Piycbacaiiihiis dubliM. 

StMgoooJepu BobertmmL 



NOTES. 


Note Page 40. 

In the la«t edition of hia “ Element*** (1855), Sir ChArles Lyell 
has considerably altcrcil and amplified this description, for which 
he has been to a largo extent indebted to the discoveries ami pul>- 
lications of Mr Miller. Sec “ Mements of Geology/’ chap. xxvL 


Note B, Page 70. 

“And iu the latter formation [Coal Measures] tlic first reptiles 
ajipear.’* This statenieiit reqxiires now to bo slightly modihed, 
ill CDnscij nonce of the discovery in 1851, by Mr Patrick Duff of 
Elgin, of a true reptile (Telorpeton Elginsc) in the Upper Old 
Reil of Morayshire. The fact ia referred to in “ Tlie Testimony 
of the Rocks,*' pages 15 and 76. Sec also Lyell*8 " Elements'* for 
a figure and description of the creature. The argument follow- 
ing the above quotation i* not, however, in any way affected by 
tliis discovery. It i^ right, however, to add, that up to a very 
recent period, Mr Miller was known to have expressed some 
doubts as to whether the rock iu which the Tolerpeton was found 
did not belong to a much higher formation tlian the Old Red 
Sandstone. 


• Note C, Page 82. 

For a more minute dosoription of the head-plates of the Ooo- 
eosteus, see ** Foot-Prints of the Creator,** pages 49 and 50 l See 
also Plate xi. appended. 
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^ Non D, Paob VS, 

See “ Foot-I^inta of the Creator,” pages *1-57, where the 
structivro of the head of the Osteolepis is full/ deecribed aud 
figured. 


Note E, Paob 118. 

In “The Teslimony of the Rocks” the flora of i!io Old Ro<l i» 
treaty at gri‘at lengtli. See pages 427-45S. Shh‘ ala<», on the 
same subject, “ Foot-Prints of the Creator,” 18lb-*J0;t, fii'st 

and second editionsL 


Note F, Paces J51 and lOfl. 

Sixteen years ago, when “The Old Re<l Sfindstonu’* was writ- 
ten, the Cepliatopis w;is little understood. Hiuco then, however, 
a few s[K*eimcus have foiititl in the nciglil)ourlu»oil of Ar- 
broath, which demonstrate that the animal was provided with a 
large and i>ow*crfiil tail, and with etpially fK)Wcrful pectorals, so 
that ita impetus need not liavc l*eeii, iis here statctl, “comjtara- 
th'ely slow.” It i.s now’ also well asceiiained tliat the jK’Culiar 
“cutting-knife” or “boli’Mike Khu|ie of the head, so generally 
noticeable in the earlier specimens, W'a.s the result of accident. 
A single cepb;Uic shield of Ijone, thickly covered with discoidal 
bony plates of l»cautiful workmanship, was bent r<iund the Avholo 
of the ui>pcr jKirtion of the creature’s head, including the sides, 
somewhat after the fashion of a laily’s bonnet shade ; w’ith this 
difference, that, instead of the pointed ends, or “ horns,” Wing 
fastibned, as in the case of the Ijotniei, they projected freely back- 
wards in the fislL It w’aa albigethcr, therefore, an armature of 
defence^ and not partly of offence^ as hinted at in the text. Of this 
Mr Miller had long been quite aware, and, in denser] iiciice, had 
expressed himself approvingly of the restoration figured in Plato 
xii. appended. An Arbroath specimen, in the possession of Mr 
Powrie of Reswallie, which shows the head in profile, has the 
cephalic shield bent round in the manner described. In the largo 
majority of instances, however, the fish lacing found lying on its 
belly, the curvature of the shield has yielded to the pressure of 
the overlying stone, and the appearance of the head is oouse- 



quontly that of a perbetlj flat oreeoeiiti as represented in Plate 


Kotb G, Pagb 151|— " Middle Empire*^’ 

Here, and ol^ewhero in these pages, the Forfarahijqp gray bads 
are spoken of as constituting the middle portion of the formatioii. 
In ** The Testimony of the llocks,** however, pages difl-dol, Mr 
Miller remarks, that "the ovidcnco on the point is certainly not 
so conclusive as I doenicd it fifteen years ago** (p. 448); and 
again (ji. 451), ** It must, however, lie stated, on the other hanch 
that the crustaceans of the gray tilestonce of Forfar and Kin> 
cardino not a little resemble those of the upper Silurhiu and re<l 
tilcstone IhxIs of England ; and that, judging from the iebthyo- 
<loi-u]ites found in both, their fishes must have been at least gene- 
riciilly allied. The crustaceans of the upper Silurian of Lcsma> 
hagow, too, scorn certainly much akin to those of the For&jrehire 
tilestones.** Tlie spines figured at page 100 in lliis edition, when 
compared a'itU those in Sir H. Murchison's ** Siluria,** may help 
the scientific reader to determine the question. 


XoTB H, Pages 156 am) 159. 

The corri'ctness of the term tail-flap,” used by Mr Miller 
when describing a peculiar-looking plate of the Balruddery lob- 
ster, has Ik'Oii questioned. Sir Charles Lyell and Mr Page both 
believe it to have been a jaw-foot Several fine specimens of 
this organism have boon sent up to hlr Salter of the Jer^yu 
Street Museum, Loudon, whose decision will probably definitely 
settle the matter. 


Note 1, Pages 164 akp 167. 

This organism Mr Miller bad some tfeno ago definitely con- 
cluded to bo vegetable. See “ The Testimony of the Bocks,” p. 44^ 
wlierc ho says, — There now seems evidence enough to conclude 
that they are the remoinii, not of iho eggs of an aniipal, but of the 
seed of a plant” See also Plate xiit appended. 
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Non K, Plot 1701 

For ment additions made to the flora and flinna of the Englisli 
and Irish Old Bed Sandstone^ see SUuria^ in * Lyell'a Elements,** 
and ^ The Geological Journal,** % oL xii. 


Nora L, Paok 17fl. 

See ^ The Testimony of the Rocks," pages 230 and 331. See 
also Plate xiv. appondeiL 


Note M, Page 100. 

See. iu connection with this remark, the quotations in note it. 
May not tho fact here mentioned of the Reriehthys occurring iu 
the Caithiici« and Fifesliire beds, and not iu the Forfarslure, lx« 
another argument fur the greater anti([uity of tho latter I 


Now N, Pace 213. 

From the tenor of tho remarks at p. 449 of ** Tho Testimony 
of the Rocks,*’ it will be seen that Mr Miller had come latterly 
to regard the conglomerate of the south of the Grampians as tho 
analogue of that of Caithness. In Noveml)er 1850 ho decidedly 
expressed this as his matured opinion, in conversation with the 
writer. 


Note 0, Page 269. 

The organism here referred to is now ascertained (o have been 
a root, and not an independent plant, — the root, namely, of the 
Sigillaria. See ^ The Testimony of the Rocks,** pages 36 and 36. 
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NOTE BT THE RET. W. 8. 8MTOKD8. 

A PUriehtfyi has been discovered bj Mr Bhxter of Woroester 
in the yelloir sandstone of the dee Hill district^ Salop. This 
yellow^ sandstone II be!ow the carboniferous limestone of the 
does, and is the equivalent of the Cycloptenis Hibemicus sand- 
stones of Ireland and the Dura Den beds of Scotland. . The Pter- 
ichthys lias not before l^oen discovered in England^ and is there- 
fore an important addition to the Upper Old Red fossils of Eng- 
land. A nevr species of Euiypterus has also been described by 
the liev. \V. S. Symonds, in the ** Edinburgh New Philosophical 
Journal, *’ October 1807, from the Upper Cornstones of Herefurd- 
shirc. 

November 1857. 
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The following treatise was read by Mr I^Iilleb, on taking 
the cliaiTi for the first time, as President of the Society, on 
7th January 1852 : — 

Gentlemen, — You have done me the honour of electing 
me, by a unanimous vote, to be one of the Presidents of the 
Royal Physical Society. 1 little thought, some two>and- 
tliii-ty years ago, when, rather in obedience to a native in- 
stinct than with any ulterior object^ 1 sought to acquaint 
myself with geological phenomena, that there awaited me 
any such honour. For, unaware at the time that there even 
existed such a science as Geology, or that the held which it 
opens has its many labourers, some of whom meet with less, 
and some with more success in their labours, I could not so 
much as imagine that distinction was to be adiieved by study- 
ing the forms and structures of the strange organisms which 
1 laid o|>en amid rocks and in quarries, or in inquiiing into 
the ciij^umstanccs in wliich they had lived and died, or into 
the causes to which, in ages long gone by, they had owed 
their entombment in the stone. But it seems to be one of 
the characteristics of a true scien<^ that it should promise 
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little and perform much ; and that for those who devote them- 
selveB to it simply for its own sake^ it should reserve a class 
of fiivoun of a purely exterior oharaeter, rarely vouchsafed 
to the suitors who make court to it for that dowry of the ex- 
trinsic and the adventitioos which it occasionally bringa 
. It certainly is one of the characteristios of geologic science, 
though in a far higher sense than that to which I have ad- 
verted, that it promises little and performs much. It con- 
trasts strongly in this respect with tlioso purely mental sci- 
ences still properly ttuight in our higher scliooLs, — ^for they 
constitute the true g}Tnnastics of mind, but, like other gym- 
nasties, are to be regaixied, not as actual work, but siii)i)ly 
as a preparation for it The use of the dumb-bells opens the 
chest and strengthens the muscles ; but it is left to labour of 
quite another kind to su[)ply the wants of the ]>resont, or to 
provide for the necessities of tlie future. And such appears 
to be the sort of relation borne by the purely mental to the 
natural sciences. IIow very different, liowcver, the prospects 
wliich they seemed to open to the curious inquirer in the 
earlier ages of their history, or even in the earlier history 
of individual minds among ouraelves ! Mental science must 
have appeared to many of us, when we first approached it, 
as a magnificent gateway, giving access to a vast province, in 
which not only all knowledge regarding the nature of mind 
was to be acquired, but in which also, tlirough the study of 
the intellectual faculties, we were to bo introduced to the best 
possible modes of acquiring all otlier knowledge. But have 
we not been disappointexl in our hopes ? nay, fh)m the doubts 
and uncertainties conjured up by the nice dj^lectics of the 
science, have we not had eventually to cast ourselves for 
escape on the simple instincts of our nature ? and, ultimately, 
have we not gained well nigh as little through the process, so 
imperatively demanded by the metaphysician, of turning the 
mind upon itself, instead of exercising it on things external 
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to it, as if wo had been engaged in turning the eye upon it- 
self instead of directing it on all the objects which it has 
been specially framed to 8ee^«--among the resi^ on other eyes, 
and the peculiarities of th^ stmeturef In both natural 
and physical science^ on the contrary, have ve not often found, 
that while the promise has been slighl^ the fulfilment has 
been ample &r beyond the reach of anticipation t When 
the boy James Watt was playing, as Aiago tells the stoiy, 
with the steam of the fiimily tcorkettle, — now marking ho^ 
its expansive foi'cc raised the lid of the utensil, and now how, 
condensed into water, it trickled powerlessly adown the sides 
of the cold china cup, wliich he ha<l inverted over it, — ^who 
could have imagined that in these simple piocesses there lay 
wrapped up the principle of by far the mightiest agent of 
civilization whicli man has yet seen, — on agent that, in a cen- 
tury after tlie exjHiriraent of the boy, would have succeeded 
in giving a new character to the arts both of peace and of 
war ? Qr who could have surmised, when, at nearly the same 
period, the Philadelphian printer was raising for the first 
time his silken kite in the fields, tliat there was an age com- 
ing in which, through a knowledge of laws hithei'to unknown, 
but w'hoso existence he was then determinings man would 
be enabled to bind on his thoughts to the \(inged lightning, 
and to send them, with an iustautaneousness that would an- 
niliilate time and space^ across land and sea ? Nor in that 
geological branch of natuml science to which, with the cog- 
nate branches, our Society has specially devoted itself has 
performance iu proportion to previous promise been less great 
When it was first ascertained by the father of English geo- 
logy, William Smith, — a man not yet more than twelve 
’ years dead,-^ — ^that the Oolitic beds of England have always a 
uniform order of succession, and that this uniformity is at- 
tended by a certain equally uniform succession of groitpes of 
fossil^ could it be once infen^ that he was laying hold of a 
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principle which, in the course of a single age, was ilestiucHl mar- 
vellously to unlock the past history of our planet^ and u> ac- 
quaint us with Gocfs doings u})on it, as the Cmitor of all, for 
myriads of ages ere he had first breathed the spirit of life into 
human nostril or man had become a living soul f Itisoneof 
the great marveb of our day, that through the keyfiimished 
hf geologic sdenoe we can now paruse the history of past crea- 
iions more clearly, and arrive at a more thorough and ccrtaiu 
knowledge of at least the structural peculiarities of their or- 
ganisms, than Ve can read the early histories of the old dynas- 
ties of our own species, that fioitrislied and decayed on tlio 
bonks of the Euphrates or of the Nile, or asci.Tfiiin the true 
character of the hall-forgotten tyrants with whom they ter- 
minated, or fi*om whom they began. 

It seems scarce possible that, in at least the leading fiicts 
of geologic history, we slaoll witness any very considerable 
change. There Is no tnith more thoroughly ascertaiiunl than 
that the great Tertiary, Secondary, and Pula'ozoic divisions m- 
present, in the history of the gK>be^ pciiod.s jis definitely distinct 
and separate from each other the modem fmm the ancient 
history of Europe, or the events wliicli took place previous to 
the Christian era fiom those that date in the subsequent cen- 
tuiiea wliich we reckon from it All over the gloW, too, in 
the great Palseozoic division, the Carboniferous system is 
found to overlie the system of the Old Red Smidstonc, and 
that, in turn, the widely developed Silurian system. It is 
not less certain, that in the Secondary division, the Triassic 
deposits are overlaid by the Oolitic ones, and both by the 
Cretaceous ; nor yet, that in the Tertiary div^on, the beds 
of the Pliocene, with their large per centages of existing 
shells, as exemplified in the Bed and Coraline Crags, belong 
to a greatly later period than that old Eocene age represented 
by the extinct shells and strange mammals of the Paris basin 
and the London clay. There is no human history more de- 
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finlt<‘ly rangr il into centuries than the geological into periods 
and epochiiH ; nor is the certainty less great, or the chance of 
transposition in any degree less slight, in the one case than 
in the other. For, res])ecting at least the main geologic f^- 
terns, their order of succession, and the organisms which they 
contain, the evidence is as positive and concloaive as it is ^ 
garding any piece of human history whatever. Xbere are^ 
however, certain geologic inferences very extensively adopted,^ 
which are founded rather on native than on positive evi* 
dence ; and these must of necessity be subject, during the 
course of discovery,* to modification and changa And we 
find resting mainly on this department of the negative, — I 
should perliaps rather say of the assumptive, — ^two of the ex- 
tremer schools of the present day, — that school which, found- 
ing on a certain progi-cssive rLsc^ in the course of the geologic 
periods, from lower to higher types, both animal and Vege- 
table, would infer that what we term creation is in reality 
but development, — ^the low, in the la}>is; of unmeasured ages, 
liaving passed, it is allegcil, into the high ; and another school, 
represented by at least one very masterly geologist, which 
teaches that there has been no upward progress in creation, 
but that the oiirth, in all the periods of its history represented 
by the geologic systems, must have existed under the same 
great conditions in which it now exists, and have produced, 
mingled with inferior foims, plants of the st^e superior classes, 
and, if wc except man himself, animals of the same high di- 
visions of the vei-tebrata. 

What, however, are the positive facts with which, as geo- 
logists, we arc called on to deal ? In the Tertiary Flora we 
find great abundance of true dicotyledonous ti'ees, — ^in its 
Fauna, frequent foims of the mammals, wliich, in at least the 
later ages of the division, are of high types. We pass into 
tlie great Secondary division, and find trees as abundant in 
its Flora, in at least some of the middle deposits, as in any 
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of the Tertiaxy beds ; ^ut we have not yot succeeded in de* 
tooting among them a single dicotyledonous tree of the higher 
sub-classes^ and only a few dicotyledonous loaves. They are 
all coniferous gymnospermie, chiefly of the piue and araiioa^ 
rian Emilies ; and in the Fauna associated w ith them, we 
find that the prevailing fonns are I’eptiliaiL Tiie reptile f»c- 
ciipied as large a place in these Seeondaiy puiods as that 
occupied by the mamiunl in the Teiiiaiy onoa So far, in- 
deed, as we yet definitely know, there existed during these 
herpetologieal ages only two species of mammals, — a small 
marsupial and small insect ivoroiis animal. Again, in the 
Flora of the Palieozoic division, we still find the ])inc and the 
araucarian, mixed, however, with ex tiuord inary vegetable 
types, some of which have become wholly obsolete, and some 
of which are Ibiked by but faint analogies to aught that now 
exists ; but which, generally speaking, socaii to bo, though 
high representatives of theb* kind, of a kind in itself i^ot high. 
In the Fauna of the period, down till at least the base of the 
middle PaUeozoic system, fishes seem the dominant forms, — 
fishes, many of them of great size, formidably armed, and 
uniting in their organization, reptilian to tlie ordinaiy iclithyie 
peculiarities, but in not a few of their number destitute of 
an internal skeleton of boin3. True, during these ages the 
reptile also existed, but in such scanty proportions, that while 
the Coal Measures liave yielded their ichtliyic remains by 
thousands and tens of thousands, they have yielded to the se- 
dulous search of the geologist only three reptiles and the trace 
of a fourth ; and while in single platforms of the Old Bed 
Sandstone there are perhaps as many fishes eiitambed as are 
at present living on all the fishing banks of the country, the 
entire system has furnished the remains of but one reptile 
(i^ indeed, the lacertian of Spynie in reality belong to it), and 
the foot-tracks of a few others. In the Lower Palaeozoic for- 
mationS) the trace of even the fish becomes unfrequent, and 
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the dominant ovganismB are cni8tace|p8 and mollnaca Now/ 
such being the aacertainedffu^ of our science^ we are^ Ithink, 
justified in still holding against the disciples of the one school 
to which I have referred, that there has been progress in crea- 
tion from a lower to a higher level. So fer as there exists 
any evidence on the subject at all, we must hold that^ in at 
least the group, the Palaeozoic existences were of a lower and 
humbler order than those of the Secondary ages, and those 
of the Secondary ages of a lower and humbler order than 
those of the periods of the Tertiaiy. As shown by the ver- 
tebrate reinaiiLS of the geologic epochs, the balance, which 
greatly preponderated in the times of the Tertiary in favour 
of the mammals, greatly preponderated in the times of the 
Secondary in favour of the reptiles, and in the long eva- 
nished Palasozoic ages, in fhvour of the fishes. And so now, 
as before, these three great periods may be properly de- 
scribed as the periods of the fish, the reptile, and the mam- 
mal ; nor do the late exceptional cases, in which traces of 
reptiles have been found among the Palaeozoic fishes, or of 
mammals among the Secondary reptiles, interfere more with 
the justness of such designations than the existence in New 
Zealand of one small indigenous mammal of the rat femily, 
among its some fifty or sixty orinthic species, interferes with 
the prepricty of designating it a land of birds, or the exist- 
ence among the some forty -six pouched species of Australia 
of a few mammals that are not pouched, with the propriety 
of designating it a land of marsupials. Let us be content^ 
then, as geologists, to found our deductions, until our science 
shall have provided us with a new class of facts, on the facts 
which we already possess. No sooner were we introduced, 
through the discoveiy of his Grace the Duke of Aigyll, to a 
small Tertiary deposit in the island of Mull, tlian we found 
that it yielded in abundance leaves of the buckthorn and the 
plana No sooner had our boulder clays and drift gravels 
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begim to exUbit their |^Eg»iiisin^ than we found that what 
th^sahmittedto our examination were tudui of the elqihaiit 
and the mastodon, and bones of the rhinoceros^ the ox, and 
the deer. If trees of the same dicotyledonous class as the 
plane and the buckthorn occurred in our Secondaiy or Pi^ 
lieozoic periods, in at least aught approaching to the recent 
or Tertiary proportions, how is it that amid tlicir fossil 
woods, though they have yielded their specimens by thousands, 
not a single dicotyledonous si>cciincn, save of the gymno- 
spermse, has yet beeu found 1 Or if the great Palieozoic pe- 
riod indeed abounded in mammals, such as the elephant and 
the deer, how is it that, wliilc in the Palwozoic deiKjsits of 
even our own neiglibouvhood and country we have met with 
the remains of fishes by tens of tliousands, and of molluscs 
by millions, all the Palajozoic systems of the world have 
hitherto faileil to present us with a single mammalian tooth 
or bone 1 Or even if iu these ancidit deposits a few dicoty- 
ledonous woods or mammalian fragments were, after the search 
of years, to be found, what could we infer regarding the pro- 
portions in which either dicotyledons or mammals had existed 
in the periods which the deposits represented, save from the 
proportions in which we found their remains occun-ing in 
them 1 Nay, do wc not find Sir Charles Lyell setting his 
imprimatur on an exactly similar style of induction as that 
upon which we found, when, in determining the various for- 
mations of the Tcrtiaiy division, he lias recourse to his prin- 
ciple of per ceu<^ges ? He would assuredly not deem that 
a Pliocene or Miocene deposit among whose numerous organ- 
isms he had fiedled to find an existing plant oi^elL In the 
geologic^ as in pther departments, 

What can we reason but from what we know 
The golf between mental and geologic science is still too 
broad, and perhaps too carelessly surveyed on the theologic 
side, to permit us to judge of the influence which the dis- 
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coveries of the geologist; are yet to emeueon the ethical do* 
partmenta of UteFatura We can, hoverer, already see that 
the Taady extended knowledge of Qod'a workingBiof old whidh 
the scionee oommunicateB must exerdso no slight influence 
upon certain departments of natural theology, and gi^e a new 
tone to those controYersies regarding the evidences of our fidth 
which the Church has ever and anon to maintam with the 
world. Geology has already put an end to that old fiction 
of an infinite series of beings which the atheist was wont to 
substitute in his reasonings for the great First Cause through 
which all exists ; nor does it leave other than very unsolid 
ground to the men who would fain find an equivalent for the 
exploded infinite series of their predecessors in a developing 
principle. Nay, I would ask such of the gentlemen whom I 
now address as have studied the subject most thoroughly, 
whether, at those grand lines of division between the Palaeo- 
zoic and Secondary, and again between the Secondary and 
Tertiary periods, at which the entire type of oiganic being 
alters, so that all on the one side of the gap belongs to one 
fashion, and all on the otlier to another and wholly dififerent 
fkshion, — ^whether they have not been as thoroughly impress- 
ed with the conviction that there existed a Creative Agent, 
to whom the sudden change was owing, as if they themselves 
had witnessed the miracle of creation ? Farther, may we not 
hold that that acquaintance with bygone creations, each in 
succession of a higher type than the one which preceded it, 
which geology enables us to form, must soon greatly afifect 
the state of arguments employed on the sceptical sid^ which, 
framed on the assumption that creation is but a ** singular 
efifeeV* — an effect without duplicate^ — ^Have urged, that from 
thdt one effect only can we know aught regarding the pro- 
ducing Cause ? Knowing of the Cause but from the effect, 
and having experience of but one effeef^ we could not ration- 
ally hold, it has been argued, that that producing Cause could 
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have originated effects of a higher or more perfect kind* The 
creation which it had produced we knew ; but having no 
other measure of its power, we could not^ it was contended, 
regard it as competent to the production of a better or nobler 
ereation, or, of coiine^ hold that it could originate such a state 
of things as that perfect future state which Eaith delights to 
contemplate: Now, ' it has been well said of the author of 
this ingenious sophism,^ — ^by far the most sagacious of the 
sceptics, — ^that if w’c admit bis premises, we will find it dif- 
ficult indeed to set aside his conclusions. And how, in this 
case, does geology deal with his premises 1 By opening to us 
the history of the remote past of our planet^ and introducing 
us^ through the present, to former creation^ it breaks down 
that simpdaiity of eflect on which he built, and for one crea- 
tion gives us many. It gives us exactly that which, as ho 
truly argued, his coutem],K)raries had not, — an experience in 
creaUions. And let us mark how, applied to each of these in 
succession, liis alignment would tell. There was a time when 
life, animal or vegetable, did not exist on our planet, and 
when all creation, from its centre to its circumference, was 
but a creation of dead matter. To vrhat effect in that early 
age would have been the argument of Hume ? Simply to 
this effect would it have borne, — that, though the producing 
Cause of what appeared was competent to the formation of 
earths, metals, and minerals, it would be unphilosopbic to 
deem it adequate to the origination of a single plant or ani- 
mal,— even to that of a spore or of a monad. Ages pass 
by, and the Paheozoic creation is ushered in^with its tall 
araucarions and pines, its highly organized fishes, and its rep- 
tiles of a comparatively low standing: .And how now, and 
with what effect, does the argument apply ? It is now found 
that in the earlier creation the producing Cause had exerted 
but a portion of its power, and that it could have done greatly 
more than it actually did, seeing that we now find it to be a 



IN FAVOUR OP REVEALED RELIGION. 


205 


Cause adequate to the origination of vitality and organization 
in two great types^ — ^the vegetable and the animal, — as ex- 
emplified in pines and arancanans, in fishes and in reptiles. 
But still confining ourselves with cautious scepticism within 
the limits of our argnmenl^ we continue to hold that^ as 
fishes of a high and reptiles of a low order, with trees of the 
cone-bearing family, are the most perfect specimens of their 
respective classes which the producid^ Cause has originated, 
it would be unphilosophic to hold, in the absence of proo^ 
that it would originate aught higher or more perfect And 
now, as yet other ages pass away, the creation of the great 
Secondary division takes the place of the vanished Palaeo- 
zoic ; and we find in its few dicotyledonous plants, in its rep> 
tUos of highest standing, and in its some two or three com- 
{lamtivcly humble mammals, that in the previous, as in the 
earlier ci*eation, the producing Cause had been, if I may so 
express myself, working greatly imder its strength, and that 
in this third creation we have a still higher display of its po- 
tency. With some misgivings, however, we again apply our 
aigumeni And now yet another creation, — ^that of the 
Tertiary period, with its noble forests of dicotyledonous trees, 
and its sagacious and gigantic mammals^ — arises upon the 
scene ; and as our experience in creation has now become very 
considemble indeed, and as we have seen each in succession 
higher than that which preceded it^ we find that, notwith- 
standing our assumed scepticism, we had,— compelled by one 
of the most deeply-seated instincts of oui* nature^ — ^been se- 
cretly anticipating the advance which the nev; state of things 
actually realizes. But, applying the argument yet once mor^ 
wo at least assume to hold, that as the sagacious elephant is 
the diighest example of animal life produced by the origmat- 
iug Cause, it would bo unphilosophic to deem it capable of 
producing a higher example ; and while we are thus reason- 
ings man appears upon creation, — a creature immeasund>ly 
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superior to all the othci's, and whose veiy nature it is t • make 
use of Ills experience of the past for his guidance in the i utnro. 
And if that only bo solid ex{>erience or just imsoning which 
enables man tiuly to antieijmte the events which are to come, 
and so to make provii^ou for tliem, and if that experience 
be not solid, and tiiat reasoning not just^ which would servo 
but to«dadk^ fus discernment^ and prevent him firom oor- 
recUy predicating the Hfeit andix^mplexion of coming events, 
wbat ought to be his decision regarding an aigument which, 
had it been employed ia each of the vanished creations of the 
post^ would have had but the effect of arresting all just an- 
ticipation regarding the creation immediately succeeding, and 
which, thus reversing the main end and object of philosophy, 
would render the philosopher who clung to it less sagacious 
in divining the future than even the ordinaiy man ? But, 
in truth, the existing premises, wholly alteriHl by geologic 
science, arc no longer those of Hume. The foot-print of his 
unhappy illustration does not now stand alone. Instead of 
one, we see many foot-prints, each in advance of and on a 
higher level than the print immediately behind it ; and, 
founding at once on an acquaintance with the past, extended 
throughout all the periods of the geologist, and on that in- 
stinct of our nature whoso peculiar function it is to anticqiatc 
at least one creation more, we must regard the expectation of 
a new heavens and new earth, wherein dwelleth righteous- 
ness,” as not unphilosophic, but as, on the contrary, altogether 
rational, and fully according to experienca 
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PART FIRST ^HISTORICAL. 

** From Portpatrick on the west coasts to St Abb’s Head on 
the cast^** says Dr James Hutton, in his far-famed Theory of 
the Earth, “ there is a tract of schistus mountains, in which 
the strata are generally much inclined, or approaching to 
the vci*tical situation ; and in these inclined strata,** he adds, 
“ geologists allege, tliera is not to bo found any vestige of or- 
ganized body.** But the opinion can bo “ proved,” he further 
states, to be erroneous.** He himself, indeed, though he 
had been occasionally employed in examining the rocks of 
this “ south Alpine country of Scotland’* for more than forty 
years, had failed to find in them any traces of the organic ; 
but his distinguished friend Sir James Hall, when travelling 
in the summer of 1792, between Noblehouse and Crook, had 
detected sea-shells in “ an Alpine limestone** by the wayside^ 
at Wrae Hill, in the parish of Broughton, and thus demon- 
strated, as the limestone is intercalated with the schistus 
rocks, tlie fossiliferous cliaracter of the deposit Even geo- 
logists had not yet become palceontological ; and we .find Sir 
James^ in a passage quoted in the “ Theory,*' desexihing the 

u 
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shells which he had detected simply as farms of eoeklc''/* 
He was gi’oatly more exact, however, in his ajipnn iatitai «»f 
the m«?chanical i>ccviliarities of the de]>osit ; and his deserip- 
iion of those strange convolutions of the strata which give to 
the south of Scotland its series of axial lines, and its rapeti- 
tions of beds and bands that come ever and anon to the sur- 
&cc^ and continue to render the place of at least its nethei: 
groupes of rook so obscure, is still approvingly referred to by 
our higher geologists. To account for these strange foldings, 
Sir James, in liis pajfcr in the “ Transactions of the Koval 
Society of Edinburgh,” on the Vcitical Position and Convo- 
lutions of certain Strata, and their Relaticms with (jrranit<% 
broached that thcoiy of lateral pressure apjdicd hy some un- 
known force outside tljo urea of the foldings themselves, wljii'h 
is still regarded as tlie best yet originated on tlie sn}>jtK?t ; anil 
illustrated it by his famous experinumts of tlic* bands of van* 
ously-tinted clays, and the layei-sofditVerently-<?oloinvd cloths, 
which he succeeded in pressing, hy the a'’i>plieation of lateral 
force, fi'om a horizontal into a convoluti'd jiosition. His paper 
did not ajipofir in its completed form until tlie year 1812 ; 
but as his theory hud Ixien originated more than t>venty yeara 
prcvio\isly, wdieii, on visiting, in the company of Dr lluttoTi 
and Professor Playfair, a portion of the east coast of B(‘rwick- 
shire, he found no fewer than “ sixteen distinct bendings of 
the strata in the coui'se of about six miles,” and as, long ero 
the publication of his views and experiments, they were well 
known to his scientific friends, I refer to them at this early 
stage in my brief sketch of the history of^cological discovery 
in our Scottish Grauwacke, 

Dr Hutton had described the Alidiinc Schistus” of tho 
south* of Scotland as belonging to the Primary class of rocks, 
and founded an argument for his tlicoiy on the fact that> in 
direct opposition to the belief of geologists ragarding the de- 
posits of this special division, they yet do contain fossils. In 
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1 80.5 ?rofe.H5^or Jameson published his “ Mincralogical De- 
scription of Diimfriessliire and to him must be assigned the 
merit of iirst determining that these ancient schists belong, 
not to the Primaiy, but to what Werner has termed the 
Transition or Qrauwacke Scriea He states in this work, 
that he had traced these Transition rocks in Scotland ^ fiom 
the northern extremity of the Pentland HOls^ which is about 
six miles distant from the shores of the Frith of Torth, to 
I^ang-robie, in Dumfriesshire, about three miles from the Sol- 
way Frith.” We find him, too, giving very correctly the 
other limits of the system as developed in our southern coun- 
ties, and classifying with much precision the mechanical and 
inincralogical peculiarities of the rocks which compose it But 
when he conics to speak of its organisms, he is content to dis- 
cuss tlie subject in a single sentence, founded apjiarently, from 
its vague generality, less on his own obscr^^ations in the field 
which he describes, than on the general conclusions of liis 
master, Werner. *After stating that “Transition or Grau- 
wacke slates contain petrifactions,” whereas “ primitive clay 
slate” docs not, lie goes on to say that the “ petrifactions found 
in transition rocks are of animals and plants of the lower 
ovdei’s, that probably no longer exist on the face of tlic earth.” 
An anonymous critic, wdio, in the succeeding year, 180G, nv 
viewed his w'ork in a London periodical (the “Literaiy Jour- 
iitil”), and w’ho wiis evidently acquainted with the Grauwackes 
of Dumfrics.sliii*e, took up the subject, and i-ogretted that the 
Professor had not been more specific, “ Our author migjit 
have added,” wo find him saying, “ tliat vegetable petrifactions 
are veiy common in the Grauw’acke slates of Dumfriesshim 
The omitting of this circumstance is rather unaccountable,” 
it is a<lded, “ as he could not possibly have avoided making 
the observation. He has been very properly {)imished for 
the omission. The assertion tliat Grauwacke contains petri- 
factions has been denied, and our author has been challenged 
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to produce ei, single petrifaction in the Grauwacke of Dum- 
fiiess}iii*e. To us, who know perfectly well that vegetable 
petrifactions ai'e very common in that Grauwacke, this chal- 
lenge appears not«. little bold.” Thus far the reviewer. He 
seems to have observed for himself, but not very correctly. 
Mr Harkness tells us, in a paper wliich appcaml in the “ Geo- 
logical Journal” for 1851, that though the Dumfries Grau- 
wackes contain their thick bands of anthraeite, of apparent! v 
vegetable origin, there has been detected in them no veg«?- 
table remains whatever. They abound, however, in grapto- 
lites j and it was probably these leaf-like zoophytes, whose 
nature is still so imperfectly understood, that caught the eye 
of the reviewer, and constitutccl his “ vegetable petrifactions.'* 
The Grauwacke of Scotland doe^ however, contain vegetable 
impressions apparently fucoidal ; though they are far from 
common in any of the rocks wliich I have yet seen, and yield 
no characters by which they can bo distinguished from the 
simpler fucoids of the Old lied Sandstone. In one of the spe- 
cimens now on the Society’s table, derived from the shales of 
Girvan, there occurs a fucoidal stem of tliis latter de8cri|>- 
tion, associated with graptoUtes of the double-sided genus 
ffijyrion, — a genus never found, it is said, save in the Lower 
Silurian. 

In 1808, Professor Jameson published that third volume 
of his ‘‘ System of Mineralogy,” in which he fully developed 
his geological views, and described, in language that has since* 
become obsolete, the character and order of succession of the 
various formations. The work, howeve^ added nothing to 
the previous knowledge of our Scotch Grauwacke, save, per- 
haps, a veiy curious hypothesis regarding its convolutetl 
strata,. framed evidently to meet the theories of Hutton and 
Sir James Hall “ Very striking curvatures sometimes oc- 
cur,*' said the Professor, ‘‘ in Transition or Grauwacke slate. 
The waved and concentric circular appearances are the effects 
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of cryatallizcUioriy whereas other curved and angular appear- 
ances seem to bo cqnnected with the mode of deposition of 
the strata, and may be traced either to inequalities of the 
fundamental rock, or to iircgularities in the deposition of the 
strata themselves.” We do not now expect so much from 
crystallization ; nor, when we see fossils spread out on a ver- 
tical plane, do we try to believe that^ in defiance of the law 
of gravitation, they had ])astcd themselves there of old, as 
one i)a.stes prints upon a screen ; but as a fossil theory may 
be in some instances scarce less curious than a fossil plant or 
animal, the use of the extract will, 1 tmst, be forgiven me. 
About four years after the publication of Professor Jameson s 
w'ork, the late Mr Thomas Allan of this city read a very able 
jiaper before the Edinburgh Boyal Society, on the Transition 
Hocks of Werner, in which we find reference made to their 
fossiliierous character in our southern Highlands. But thei*e 
are no new localities given. Over the one discovery of Sir 
James Hall at Wnic Hill our Scotch geologists seem to have 
hybernated for more than forty yeai'a In truth, the great 
controversy which then divided them into Plutonists and 
Neptuuijins seems to have operated unfavourably on the pro- 
gress of general discovery. In looking over our book-shelves 
for some wanted volume, we soon come to find that we have 
eyes for only it, and tliat all the other volumes fail to attract 
notice or attention. And such seems to have been the case 
with not a few of our Scotch geologists : they went out to 
seai'ch among the shelves of that great geologic library in 
which the early histories of the globe are stored up^ for what- 
ever could be made to tell in favoiur of their own hypothesis^ 
or to militate against that of their neighbours ; and, engrossed 
by thi^ one object, they seem to have been indifiTercntly suited 
for the accomplishment of any other. In the various notices 
of our Scotch Giauwacke which occur in the Transactiona of 
the Edinburgh scientific societies during the years in which 
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tlie battle raged between tbe two schools, I do not find tmcc 
of a single discovery worthy of being introduced into a his- 
tory of the system. Curious observers, however, outside the 
area of the conflict seem to have been now and then finding 
in the deposit occasional traces of the organic. I have been 
told by the late hli' William Laidlaw (the trusted friend of 
Sir Walter Scott), whose acquaintance I had the plca.surc of 
forming early in 1839, that on two several occasions, many 
years before, he had found minute bivalves, and what ho 
deemed vegetable impressions, in the Grauwackc slates ot' 
Pcebleshire. 

The .second notice of fossils in our Grauwackc at all defi- 
nite in its details, and which intimated original discoveiy, oc- 
oiiiTcd longafter the firat, — at a time when geology had made 
rapid .strides towards the position which it at present occu- 
pies, — and was of peculiar interest to Edinburgh geologists, 
fix)m the near neighbourhood of the locality which it indi- 
cated to the Scottish metn»polis. In 1 839, .^Ir Clmrles Mae- 
larcn published his “ Gcolog\' of Fife and the Lothians and 
in that ingenious work, — cqn^y remarka]>le for tlie boldness 
of its theories and the tnitlifulness of its observation, — geo- 
logists were first told that there exist fossils in the Grau- 
wacke slate of the Pentlands. The orgsinisms of the older 
rocks are not unfrequcntly restricted to a single stratum : 
even in the Lower Old Ped Sandstone one may pass along 
sections of the strata many hundred feet in thickness, with- 
out detecting a trace of aught organic, and then find in some 
thin layer, perhaps not a foot in thickness, the fucoids, or 
.fishes, or minute bivalves, of tbe formatiojp congregated by 
hundreds and thousands ; and in the Scotch Grauwackc this 
l>cculiar arrangement obtains in a still more marked degree. 
The organisms of a wide district of country aro confined 
often to a single layer, occupying scarce half an inch, in a 
section thousands of feet in vertical extent. And such seems 
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to 1)0 the arrangement among the ancient Blatcs of the Pent- 
lauds. Mr Maclareii found his fossils near Deerhope-foot, at 
the side of a small stream that falls into the North Esk : 
and he describes them, in the portion of Ills work devoted H 
the geology of the Pentland range, as of two kinds. In one, 
fnigmcnts of what seem minute trilobites are congregated 
togctluT in thin layers ; in the other, there are the distinctly 
marked impressions of what appear to be oiihoceratites. I 
owe two of those Pontlaiid fossils to the kindness of Mr 
Maclaren. Tlie one, apparently a portion of an oi*thoceratite, 
exliibiis a side view of wdiat seem to be five of the septa ; 
the other greatly ixjsembles that curious and still but imper- 
fectly uiuhu-stood vegetable of the Coal Measures, 
approxhtuUa ; but it is in all pi-obability not a vegetable, but 
an animal organism, — possibly an orthocemtite also. 
One of these specimens bcara on the label the date of its dis- 
covery (7th April 1834), — date five years anterior to that 
of tlio publiaition of Mr IVlaclai'en s volume, and foi*ty-two 
yeai's posterior to the discovery of iSir James IlalL Tlie fact 
that by much the gi'eater part of half a century should have 
intervened between the firet and second disco vencs of organic 
remains in our Grauwackes, — ^for, waiving tlie claim of Mr 
Laid law, w’hose discovery seems never to have been recorded, 
and can now be associated witli neither locality nor Sate, Mr 
Maclaren’s w decidedly the second, — is a fact of itself suf- 
ficient to show that oiu’ Scotch schools were in those days not 
zealously pida^ontological ; and wc know from other sources, 
that arguments were sought after w ithin their pi'ecincts, witli 
much more avidity than fossil& But the error has been seen, 
and in part coiTccted; and the future of Scotch Geology 
bids fair to be characterized by the doing of more and the 
snymg of less. 

In the some year in which Mr Maclaren published his 
Geology of Fife and the Lothians^*’ the “Silurian System’* 
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of Sir Boderick Morohison appearedj-^ne of those groat 
works which form eras in the liistoiy of soienooi and from 
which, as from the charts of some distinguished voyager, after 
fijdorers have learned to shape their couise aright, and to 
recognise as &miliar and easily definable, tracts previously un- 
named and unknown. In botli Uie old world and the new, 
the great divisions first laid down in this work by Sir Rode- 
rick have been detected and identifietl, and an introductory 
book added to tbeorganic history of our planet, from the rich 
and varied materials which they supply. For, however, se- 
veral years after its publication, our Scottish Grauwacke con- 
tinued to remain a /crm i/tcotjiiUa, as before ; for though there 
appeared from time to time truthful descriptions of the de- 
jxisit itself, its place in the scale wiu4 still doubtful. Two 
yeai*s after (1811), Mr James Nicol, — now Professor of Geo- 
logy in Queen's College, Cork, — produced his Prize Essay on 
the Geologj’ of Peeblesshire ; and to an accunito description 
of the mineralogical components of the Gmuwacke of that 
county added a new locality for its fossils, in Grierston, near 
Traquaii*, where, in a slate qiiany, there occur tliin but con- 
tinuous layers of gniptolites, often in a state of the most ex- 
quisite keeping. Some of the finest Scottish specimens of 
this ancient organism wliich 1 have yet seen I have derived 
from this Grierston deposit We also find Mr Nicol refer- 
ring, in his Essay, to that limestone quarry of Wrao Hill in 
which Sir James Hall had found his fossil shells ; but its 
lime, when he wi-ote, had been exhausted, or so covered uj) 
by the rubbish of the workings, that its organisms could bo 
detected no longer. It strikes one as a melancholy reflec- 
tion,” we find him saying, “ when leaving thislHescrted quarry, 
where the wild whistle of the mountain sheep shows how 
seldom their solitude is invaded, that these relics of fonner 
creations, which, if preserved to science, might have added 
an interesting page to the world’s liistoiy, should have thus 
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periabed hy tho bftnd of man at so recent a period^ after hav- 
inj; remained safely stored up in the cabinet of nature for so 
^8^ And throughout so xnany awful repolutions.’* I 
may here add| howeveri that shells haiie since been detect^ 
in the limestones of the Wrae Hill, both by Itir Nicol him- 
self) and by Mr Robert Chambers, and the discovery of Sir 
James fully verifiod. In 1842, one of the members of our 
Royal Physical Society, Mr William Rhind, published his 
brief but interesting treatise on the “ Geology of Scotland." 
And in referring, in a general notice, to our Grauwacke de- 
)K)sitM, we find him stating, that the “ formation” to which 
tiny belong “ corrcsjK)n<ls to some of the beds of the Cambrian 
system, as existing in Wales and tliat in graptolites disco- 
•vered in the Gftiuwacke slates of Innerleithen, “ the first in- 
dications of organizeil fossils appear.” He adds, that “ dis- 
tinct specimens of these lay before him as he wrote, which 
had been presented to Iiim by the discoverer, Mr James 
Nicol.” In 184o, Nieol published his “Guide to the 
Geology of Scotland,” — a w’ork which I have ever since car- 
ried about with me in my geologic rambles, and which, in 
every instance in which its author has described from his own 
observations, I have found correct. In this usefid work we 
find him ag«iin refen’ing to the gi'aptolites of Griereton and 
the shells of Wrae Hill ; and, further, briefly intimating yet 
another Grauwacke locality rich in fossils, though he was evi- 
dently in doubt regarding its true place in the scale, “ In 
a limestone below the coal near Girvan,” he remarks, “ Silu- 
rian fossils are said to occur,” — a circumstance not unfre- 
quent,” it is added, “in the Mountain Limestone of Scot- 
land.” No one, however, is now more thoroughly convinced 
than Professor Nicol, that the Silurian organisms of Girvan 
are not organisms of the Carboniferous series ; that, on the 
contrary, they definitively determine the place and age of the 
deposits in which they occur as Lower Silurian 3 and further, 
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tliut they tln*ow move li^'ht ou tlio liistorv of this and - nt sys- 
tem, ill its (lovelopiueut iu the southern llighlaiuls, tL.iii the 
fossils of all our otlier Scottish localities put together. 

In Jaiuiiuy 184 S, ^Ir Nicol, at that tiiin* Assistant Sc<Tr- 
tary of the London iTCological Society, rea<l before that body 
a paper on the Silurian Kooks of the Valley of the T>M ed, 
which was aftcrwanls publisheil iu the Journal of the So- 
ciety. Even at a period so i^jceut 1 h 3 could properly state, in 
liis introduction, ^^tliat there is perhaps no extensive forma- 
tion in the British islands of which we possess less certain 
geological knowledge than of the rocks constituting the great 
mountain chain which ci'osses the southern counties of Scot- 
land from east to west’* His paper, however, served to add 
considerably to the little previoitsly known regarding the di*- . 
posit Among the fos.>ils by which it was illustnitcfl, Mr 
8altor recognised the fragments of five genem of trilobitcs, 
and an equal number of genem of shells, cbielly bmchipwls, 
all of a character indicative of the Lower Silurian giwp. 
AHc»ut the sfime time a ci>lleetion iinwle fioiii the (Imuwaekes 
of the shores t»f Kirkeiulbright was subuiitted to tlu? London 
Geological Society by Lord Selkirk, and was found to be of 
an Upper Silurian clmmcter ; inde<*<l, as n[)]»ear(‘d from tlu‘ 
identity of some of the fossils, of the age of the Wcnlock 
sliale. In the May of the SJime year in which Profess^ir Nicol 
submitted his paj)or to the public, the subject was still furtluT 
elucidated in a valuable memoir, by ]Vlr CaiTick jVIooi’o, Stv 
cretaiy to the Geological Society, on the Silurian Kocks of 
Ayr and Wigtoashirc, which added yet further to our know- 
ledge of the fossils of these ancient rocks, and jjj which, in its 
published form, the first Scottish Maclurca was figured and 
described, though somewliat doubtfully, from the imperfect 
state of keeping of the specimen, and under another name. 
At the meedng of the British Association held in this city in 
1850, Professor Sedgwick read a paper on the Qoologioal 
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Sinicturo and RelationH of the Frontier Chain of Scotland, 
M’liich dci ivcd a |>eculiur value from the previoas labours of 
that ^^real freologist in the older Siluiian rocks of England, 
and ill liich he divided our Gmuwaokas, though with much 
hesitation, especially with respect to both the earlier and later 
beds, into live gmit divisions, — ^four of them belonging to the 
Lower, and the fifth probably^ as he stated, to the Upper Si- 
lurian. In compamig the Scottish with the Cumbrian chains, 
he remarked that the lowest and oldest fossils of both appear 
to be graptolites ; and in a paper on the Oxaptolites of the , 
Black Slates of Dumfriesshire, by Mr R Harkness, which 
appeared in the Geological Journar* of last year, we find a 
minute description, accompanied by good figuies, of these 
earliest inhabitants of what is now Scotland. They are 
judged to have been zoophites, akin in some of their forms 
to our modem Pennatulada?, and in others, it is supposed, to 
the ScHularia ; but the relationship of these last is deemed 
less clear. It is, I suspect, remote in both cases. So^ of 
my Girvan specimens of or the 

species deemed akin to the Pennatulatlce,— exliibit the cen* 
tral axis prolonged beyond its double row of cells, but, unlike 
our common sca-pen ( Bemiatula phosphorm), always at the 
upper end ; and in specimens of graptoUthm temiisy derived 
from the same neighbourhood, and which is one of the species 
regarded as akin to the Sertularia, though some of the stems 
seem fringed on both sides with short, oblique, alternate cells, 
somewhat resembling those of the common Serttdana halecina, 
we find, on examination, that they are in reality restricted to 
one side, and that the apparent fringes of the other are but 
more notches in the stem. In one i-espect, however, judging 
from the mcks in which we usually find them, these organisms 
must have resembled the sea-pens. There is a c^p submarine 
ravine, which rims for some distance along one of the middle 
reaches of the Moray Frith, and at the steep edges of which 
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tho water deepens suddenly from al)oiit twelve to al)oiit i liirty 
fathoms. Tlie bottom on either side is gnivelly aial hard, 
whereas tho iiivinc is eharpCinl with a <Iark adlic*sivf luud, 
abounding in lish-bones, and wliich iiitiinati*s to tlie s«m ^e 4>f 
smell, when brought to the surface, tliat there must liave 
entered into iti* ooinposition no small portion of orgsini/ed 
matter. Now, this muddy ravine abounds with sea-priis, 
"Vriien not a specimen can be pixK'Uivtl on the hanl gi'unnd on 
either side, the fishermans lines, when his boat drifts aert»ss 
the hollow, becomes charged with them ; eveiy inu.Hcle bait 
brings up attached to it what the fishoiu of tho Frith term 
its sea^tree so that specimens may be procured by tho 
hundred. And from the dark-coloured, finely-grained, scini- 
bituminoua character of the slates in which the graptoHtes 
chiefly occur, it is app«ircnt that thty also loved a muddy 
habitat 

I have now to ixjfer to but two other jMipcrs on our Scotch 
Gin^wacke. In It? 4 9, Professor Nicol uuulo the Silurian 
dej>osits of the south-ea.st of »Scotlaml the subject of yet ano- 
ther very able memoir, in \vhieh he spccifiwl sitveral new lo- 
calities for its fossils, and added to the prcviotis list at least 
one nevT fossil more, — a hitherto undescribinl spccitjs of Graji- 
tolite. He bestowed much care, tof>, in ascertaining the gene- 
ral direction of the beds and mountain ranges of our s<jutheni 
Highlands ; and found it coincident, on an average drawn 
from no fewer than sixty-six sevend observations, with tho 
direction of the continuous Uand of clay -slate w’hich, running 
diagonally from sea to sea, reclines, at a steep angle on tho 
nortliem side of the gi’eat Lowland valley of SccpHand, against 
the flanks of the Grampians. And, — ^to conclude the purely 
historical portion of my subject, — in 1851 Sir Eoderick Mur- 
chison contr^uted a paper on the Silurian Rocks of the 
South of Scotland, accompanied with descriptions and figures 
of its characteiistic fossils (especially of those of the Girvan 
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il<»|>osits), which f,nvcs ns to know, on certainly the highest 
Jiuthorit ' , that whilst the tnic place of those apparently older 
niciii!»er of the li^>wer Hihirian system in Scotland which, 
rr)»ri‘.sc*nti‘d hy what are the first and second of Professor 
S< <lgwick'H five gi-eat divisions, is, as the Professor himself 
observes, f'xccedingly doubtful, there am be scarce any doubt 
entertained, that in the deposits of Girvan and Kirkcudbright 
we possess the analogues and representatives of the middle 
and upper mcml)crs of the Lower Silurians of England, and 
the lowest member of its Upper Silurians, For many years 
w'e have l)cen accustomed to regard our Scotch Grauwackes 
and Grauwacke slates as remarkable for their paucity in or- 
ganisma Sir Roderick seems, on the contraiy, to have been 
struck by their abundance, and the distinctness with which 
they tell the stoiy and exhibit the character of the deposits 
which inclose them. “ Fossils abound,” says this first of geo- 
logists, in describing Mulloch Hill, in the neighbourhood of 
Giiwan, and for the most part their shells are so well ^re- 
sen*pd, that gi*eat was my astonishment when I cast my eye 
over the surfaces of this rock, and thought of the long time 
wdiich had elapsed before such unequivocal and really beau- 
tiful Silurian types hatl been made known in Scotland.” The 
perusal of Sir Roderick’s pajw greatly excited my curiosity. 
I had visited, nearly seven years before, — ^guided by the de- 
scriptions of his “ Siluiian System,” — the rich deposits of 
middle England, the Wciilock limestones and shales of Dud- 
ley, and the Upper Ludlow and Armistiy de^wsits of Sedg- 
loy and its neighbourhood ; and I was now desirous to de- 
cipher, under his guidance, the characters of Uiose added 
t>ages to the geologic history of our countiy, from which his 
p(^per had led me to expect so much. And, availing myself 
of a pause in my professional labours, towarc^ the close of 
lost May, when the two General Assemblies were sitting, and 
when all our abler clergy were stxiaking articles in the fi>na 
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of s|K'Oclios, iind SO romloriiig it uimocostyUT that I •>lunihl 
write any, I sot out, in the nuiklle of u tract of veiT »lolight- 
ful weather, for (fir\aii. 


TAUT srX'OXD — DESCRllTlVr* 

As the traveller ]»ussos tlownwanl the vallov of the 

tlirvan, the sceiierv, ^\hioh ha<l hciui hitherto of a phasini^ 
hut purely Lowland character, begins to assume sftme\Nhat 
holder features. The hilL> on either side heighten into lieath- 
covered inoimtuin ranges; and we ivineniUa* tlint Sct»tland 
has its southern os certainly ns its iiorthcni Highlands. 
“ The mountainous countiy in the south-western bordcra of 
Scotland,” .says Sir Walter Scott, in one of his novels, “ is 
called Ilieland^ though totally different fi'om the much more 
mountainous and more extensive district of the north, usually 
accented Highland'' The bottom of the valley, however, 
which tliose hills overlook, is of a soft and pjistoral chamotor, 
with perhap.s more of wood than is common in a J^owland 
valley, but laid out into rich fields tlmt recline along the 
lower slopes, and occupied by a quiet stream, — the Girvan. 
Within a few miles of where it opens into the sea, we see on 
its northern side, high over fielil and meadow, a .steep promi- 
nent range of gray crags, that at once remind us of those 
pale-tinted mural rocks of Silurian Limestone which form so 
striking a feature in the scenery of Dudley and its neighbour- 
hood. And tlioy, too, like the English preci])ice.s, arc com- 
posed of a Silurian Limestone, rich in fossils. Par beneath, 
however, and in what at first seems an inferior position, we 
see rising among the trees the peculiar gi’oupes of buildings, 
with their tall chimneys and long armed engines, that indi- 
cate a coal-producing district, and mark on a sloping hill- 
side, immediately over a thick wood, a slim column of smoke 
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OMccnding out of the gi’ound, — where one of the scams bcneatli 
liJis been l)urniiig for ycai*s, — like the smoke of some sul> 
ordiijiite \ol(;aiio. The valley of the Girvaii forms a deeji 
iiml very irregular Ijasiii, composed of Silurian rocks, hut occu- 
pied Ibr several miles by a small though not unprodhetive 
j Hitch ol the (‘oal jVle^isures, wdiich abuts uiiconfonnably 
against tlio ohler d<*po.sits, and lies so low in the system as to 
be overlaid by tlie Mountain Limestone. The explorer, in 
passing <lown wards, should strike olT to the north from tho 
public road at the pleasant village of New Dailly, and rise 
<»n the hill-side, after crossing the stream and passing tho 
Castle of Dalquhan’an, towards tho older rocks, turning tii-st, 
however, by the way, to ^dsit the coal-w'orkings immediately 
tjhovo the Caatlc^ and then, a little further on, to examine, in 
a chance opening among the trees, the overlying fossils of the 
Carboniferous Limestone. He would do well, however, if 
desirous to economise time, and moke himself sure of seeing 
all in the district that is woithy of being seen, to secure the 
services of Mr Alexander McCollum, the ingenious fossil col- 
lector of Gir\'an, under whose guidance he will learn more 
in a day than he could perhaps find out for liimself in a 
week. Under the intelligent direction of Mr MUallum, 
whose services Sir Roderick Murcliison has deemed wortliy 
of special acknowledgment in his pjiper, I struck up from the 
coal-works and overlying limestone and shale, in which well 
known fossils, such as Frodnetus gigantem and Productm 
Mart Inly may be detected, and reached the steep side of a 
ix>cky hill overhung by wood, in wliich several qiiaiTies have 
been opened, chiefiy for the repair of roads. The rock, a 
dingy, olive-tinted sandstone, wdiich in colour and quality re- 
minded mo of some of the Caradoc sandstones, abounds in 
fossils, — at one place, where a deeply-shaded and rarely-trod- 
den rood has been cut into it, chiefly corals, apparently of tho 
species Favosites fibrome. But though, from their light colour, 
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conspicuous on the dark rock, their state of keeping is usually 
bad. In a deserted quarry a little fiii*ther on I found the 
Silurian forms in gi*eat abundance, — trilobites, orthocomtites, 
ciiuoidal stems, brachipods of the ancient genera orthis and 
atrypa, a lai'ge Maclurcii, a bellerophon, casts of what seem 
to be tuniteHa, a large trocluw, and corals of the genus pe- 
ti-aia, and of another more composite genus which was wholly 
im&miliar to ine^ but which I find figuretl by Murchison as 
a nidulites. I found in this quarry a unique-looking uni- 
valve, somewhat resembling a ti*ochus, which, if not encrusted 
by some mat-like coral, that has imparted to it a stylo of or- 
nament not its own, must be new ; and the remains of more 
trilobites, shells, and conils than I had at one time supposed 
all the Gmuwacke deposits of the south of Scotland cou^l 
have furnished The place, long ilesci'tiHl apparently by the 
quanier, — rich in mosses and herbaceous plants that love 
the shade, and shut in on <;very side by a thick wood, — is 
one in which the geologist might profitably pass many houiN 
in a solitude not iiiihivoumble to thought, and rarely indeed 
iiitemipted by the foot of man. 

On ascending yet furtiier towards the hill-top, and ex- 
changing for the gloom of the w'ood a lone and somewhat 
dreary heath, I found the organic remains of the rock be- 
coming still more numerous. 81ic11h occur in beds and laycra ; 
and not in the n<^*h limestone beds of Dudley have I seen 
them lie more thickly. The stone here is of a finner texture 
than in the quany’, and, where unweathered, of a darker giuy ; 
and as the organisms which it incloses yield more readily on 
exposure than the surrounding matiix, tlicy cxis^ upon the 
siuface as mere darkened casts, but in the fresh fracture arc 
of a pearly white. And here also tnlobites and corals occur 
among the shells. A little further on, the rock assumes yet 
a diiicrcnt hue : it abounds in iron, which impai’ts to it in 
some places a deep red, in others a bulT-yellow hue ; and the 
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fossils, converted into a bright yellow ochre, present, when 
broken, an almost golden aspect, and are of greats though, 
from their state of extreme oxidization, of short-lived beauty. 
1 have mrelj seen anything richer in appearance than the 
bright yellow trilobites on a deep red groimd which I laid 
open in one of the higher-lying quarries of the hill. They 
reminded me of the trilobites in the collection of a certain 
noble Lord, now deceased, who became eccentric as he grew 
old, and, to imjirove their appearance, got them gilded and 
burnished. Sheets of festinella of the same bright hue, that, 
when first exposed by the hammer, resemble pieces of gold 
lace, mingled with sprigs of golden coral, and deeply sulcated 
golden petraia, also occur in great abundance ; with bronze- 
lookj^ng shells by the million, chiefiy of the genera orthus, 
atrypi, and tcrebmtula So thickly do these lie in some of 
the beds, as to give to the otherwise solid rock a fissile cha- 
racter. One of the most remarkable-looking fossils of the 
gi’oup is, however, a laige trilobite, — an llla?nus, furnished 
with a caudal sliield as laige as that which covem its head, 
and of a decidedly Lower Silunan type, as are almost all the 
other accompau}dng organisms, though some of them have a 
wide range in the system, and occur in the lower beds of its 
Upper divisioa 1 may mention, that 1 found here, at the 
height of many hundred feet over the sea, the boulder clay, 
with its chaiucteristic pebbles scored and polished, and in most 
cases bearing their striae in the line of their longer axes ; 
that, in geueml correspondence with the avemge colour of 
the rocks of the district, it was of a deep gray colour ; and 
that its boulders were chiefly of Silurian rocks, choiged with 
the chamcteristic fossils of the system. 

Qukting the upper part of the hill, with its richly fossili- 
feiDUs qiiames, and striking downwards to the west and south, 
I passed through ^ series of corn-fields, and, on reaching a 
little stream which flows thix)ugh a valley nearly parallel to 
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that of the Girvan, found the rock partially ox|K>scd along its 
ooursa It consists here, not, as in the hill above, of an in- 
durated sandstone, but of a gitiv' nibbly shale, imieh broken 
by transverse dries and fmeturt^s, and whicli, though its rela- 
tions to the .siiiulstone nn‘ not clearly seen, smns, tw pwv 
mised by Sir lloderick Murchison, to ivst over them. In lo- 
aiHties to the soutli of the Girvan, iis at Ardwell, Piedmont- 
Glen, and Peawha|xd-Burn, it is rich in ortliocenitiU»s, and 
contains numei'ous beds of graptolites ; in this locality, kno^^^^ 
as the farm of Diummuek, it abounds in trilobiU's, Mr 
M‘Calluin liad wrought out the exposed front, to whicli lu? 
introduced me, until arrested by a field-fenet*, on which he 
was not permitted to encroacli. But though I couhl procure*, 
in consequence, no specimens for myself, I acquired several 
very intei’esting ones from Mr M^'ullum, which, with many 
othei-s, he had dug out of this fi-ont ; and I certiiinly at one 
time never expected to sec a gi’oup of these curious cruMtiiceans 
at once so ample and so characteristic, from the Grauwacke 
slates of Scotland. C(di/mmi lilunmihachuy tlie well-known 
Dudley trilobitc, is the prevailing fomi of tlic dei)0.sit, — a 
form abundant, as its common English name testifies, in the 
lower deposits of the Upper Silurians of England, but which 
in North Wales also occurs in the Lower Silurians. I found 
associated with this trilobite, in the same fragment of shale, 
what seems to be a Forbesia, — hitherto exclusively an Irish 
form ; and was lucky enough to procure a complete Cheinims 
gelasinosusy — a species of which Sir Bodcrick figures from 
this deposit a detached head, and which, though I find no 
trace of it in his “ Silurian System,” described by MUoy 
as a not rare trilobite in the Silurian rocks of Kildare. It 
is a circumstance not unworthy of notice, that the Scottish 
Silurian fossils are more completely identical with those of 
the Irish tlian with those of the English group. They are Gelts^ 
if I may so speak, rather of the old Scoto-Irish than of the 
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old^ Welsh type. I have said that to the south of Girvan 
these tiilobite sliales are rich in graptolites and orthocera- 
tites. The giuptolites are iLsually of that double fringed sec- 
tion (Diprion), with an axis in the centre, to which the ty- 
piciil Graptolithitajoliaceua belongs ; the only exceptional spe- 
cies, so far as I know, Ijcing GraptoUthus tenuis^ a member 
of that single fring*jd section f' nwnoprion ) represented by the 
typical GraptoUthus Ludemes, Associated with these, but 
rarely, we sometimes find a large dark-coloured lingula, pro- 
bably the Limjida ovata of M‘Coy, also a Kildare species ; 
and Orhicula crassa, a finely striated shell, bearing usually 
the same dark hue, as if both organisms had been covered by 
an ejiidennis, which had alone survived when their shelly 
substance had been absorbed in the rock. The orthoceratites 
of tlie deposit exist in a peculiar state of keeping. They have 
been converted, wdth the filling of all their chambers, into a 
pure chocolate-coloured lime ; whilst the gray shale in which 
they lie is so little calcareous as to remain impassive under 
the strongest acids. Many of them seem to have been broken 
across ere they were committed to the rock, and exist as de- 
tached thougli very entire fragments, consisting of fi*om six 
to ten chambers a-piece. It is stated by Sir Boderick Mur- 
chison, that one of the largest of the Girvan orthoceratites 
being of a kind imknown to him, he refen’ed it to M. Bar- 
randc, then on a visit to our country, who recognised it as a 
Bohemian species, occumng in the lower part of the Upper 
Silurian division. Sir Roderick adds, as further remarkable, 
that on submitting to the Continental geologist some of the 
shides and nodules in which these Ayrshii-e shells are im- 
bedded, he declared to him that he might produce our Scot- 
tish ^cks as Bohemian specimens.” The Bohemian species 
of orthocoratite has of late, 1 may mention, been found in* 
Ireland by M‘Coy. 

Taking leave of the interesting shale deposit at Drummuck, 
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I scaled the southern side of the little valloy in which it o<v 
carS| and came down u[K>n the range of Ixdd limestone cllfta, 
whose pictui*esquo appearance, rising liigli over the wooils, 
had, at the distance of sevenil miles, attnu^ted my notice in 
the valley of the Girviui. The relations of this limestone to 
either the indniuted sandstones or the trilobite shales, is, from 
the covered character of the ground, not distinctly tiuccable ; 
but its fossils belong to the Lower Silurian group, and it is 
identical in stracture and apj)earauce with a limestone w'hicli 
crops out in seveiul localities to the south of the valley, and 
which, underlying the sjindstone, is evidently the oldest de- 
posit in the district It is an exceedingly liard sub-crystil- 
line stone, and looks as if an outburst of the tmp rocks wliicli 
rise aromid it^ and at cei-tain points send out enormous dikes 
into its substance, had given it, for the pui*poses of the j>a- 
Iseoutologist, rather too mucli of the fire. And so, thougli it 
abounds in fossils, — corals, trilobites, and shells, — they are 
rarely sufficiently distinct enough to be identified. Occa- 
sionally, however, on the argillaceous surfaces of tlic thick 
beds of which the rock consists we find a trilobite or shell 
impressed with characters sufficiently legible ; and its more 
massive corals and encriual steins are, from tlieir ligliter co- 
lour, and the trace which they still retain of internal stiuc- 
ture, usually distinguishable enough in the body of the stone. 
It is a curious circumstmcc, that not only in the gi’oup do 
the fossils of this rock resemble those of the Silurians of 
Canada and the United States, but that some of its organisms 
not yet found in England seem to be even identical with those 
of the other side of the Atlantic. It contains a tercbiufula 
indistinguishable from a Canadian species, and a Maclurea 
determined by MUoy to be the Madurea, nuigna of the 
' United States. This last massive genus, which resembles 
that of Euomphalus, save that its whorls lie in nearly the 
same plaue^ b by no means rare in the limestones of the Oir- 
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van district) but so much so in the Silurians of the sister king- 
dom, tliat it does not appear in Murchison's great work. 
Some of our graptolites ai*e also identical, it is said, with 
American species ; and, on lately exhibiting my small col- 
lection of Scoto-Sihirian fossils to a geologist of the United 
States, he told me that none of the organisms which hei*had 
yet seen in the museums of our country so reminded him, 
from their general appearance, of those of his own. It is 
surely not uninteresting thus to find the hitherto little known 
Silurian deposits of Scotland connecting its geology, by linka 
not elsewhere found in Britain, with the geology of Bohemia 
on the one liand, and with that of the New World on the 
other. I need scarce add, that our Old Bed Sandstone, in 
its Holoptychii and Asterolepi, furnishes similar links that 
connect it with the Old Hod Sandstones of Itussia and the 
American colonies. Both systems, — though deemed, at a com- 
paratively recent time, so poor in the organic, that in the one^ 
according to Hutton, “ geologists alleged there was not to be 
found any vestige of organized body,” and tliat in the othgT, 
according to Murchison, geologists contended there were no 
organisms, at least peculiar to it as a deposit, — are now re- 
cognised as not only important dejiositories of the geologic 
records of the countiy, that fill up vast periods in its physi- 
cal history which would have otheiwise remained un&atisfiu:- 
tory blanks, but as also establishing, by their remains, the 
identity of its character, in the remote ages of primieval lifi^ 
with other and widely-distant regions of the globe. I have 
said, that the limestone cliffs of this deposit are singularly 
picturesque. At one point we find them traversed by a broad 
dyke df compact greenstone, which lias, been followed by the 
quaixier into the very bowels of the hill ; and so, for seve- 
ral hundred feet together, we can see the yawning rent in the 
earth's surfitce which it had so lately filled, with its corre- 
sponding angles and its answering protubcxancea and inflec- 
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tioiis, exiting aA it must have oxist 4 '<l whc'ii fint torn asun- 
tier by the ctuivulsion to which it owiu] its ori gin, nml civ 
tbe molten matter had corao boiling through it frum tlu* 
abyss. It is a wild ivccss, tnpcstriid by inosst ^ and over- 
Imngby l>m>hwood ; and fivin where itojn ns into tin* richly 
foss?liferous rook, in which lie entoinhcd by millions the 
organisms of perhaps the earliest creation, tlu* t've glances 
adowii a noble valley, Wkv with gi‘oen woods, and chetiucr- 
od with smiling tlchls, and marks, whore it opeiv to the hrond 
Atlantic, a bvisy sea-poii: town, or rests far beyoiul im the 
dim cloud-liko Ail^i. When 1 last stood iu its o])ening, at 
the close of a long summer s day delightfully spcait, tlu* hr<>ad 
sun, then resting on the far horizon, was casting its last red 
gleam on bush, and cmg, and brown lull*to)>, and the di ep 
slant shadows of evening lay stretched along the bottom of 
the valley. And then, os the light declined, the moon, in 
her first quarter, began to show her slender form through the 
dappled cloudlets, like a silver scimitar, and I saw her bright- 
esuig imagey as 1 passed, reflected on the stiller pools of the 
Girvan. How widely different miLSt not the scene have been 
when those organisms of the rock lived at the bottom of their 
old Palaeozoic oceaiij and the light of tliat sun and moon, — 
mayhap the only unchanged objects on which the eye rested, 
— ^was caught V)y the many-sided eyes of the trilobitc, or guid- 
ed the carnivorous orthoceratitc to its prey ! Let me indulge 
for a brief space, ere I conclude, in an attempted restoration 
of the probable scenes and events of the period, in what is 
now Scotland 

For many ages, a wide ocean, from jyliicli the eye fails to 
see any shore, or the sounding-lead to find any bottdbi, rolls 
over what is now our countiy. Its profound depths,, wrap- 
ped up in darkness, sink beneath the zero lino of animal or 
vegetable life ; and the fine gray mxid, or light micaceous 
sand, that settles upon its unseen bottom, as the impalpable 
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(lust that inottlc» tlic sunLcam sinks on the floor of some de> 
hall ov old haunted chamber, scarce forms, after the 
laj)So of y‘ ill's, a layer as thick as the roofing slate into which, 
in those latter times, we find it consolidated. Gradually, 
however, and persistently, the deposition goes on. Besides, 
under tlio de(?p-seated impulsions of the Plutonic forces, 

■\ igorous in their early youth, there is a general rising of the 
platlljfin. At length the light of day reaches it through the 
lessening space, in a dim green twilight, and it becomes a 
scone of orginic existence. Vast fields of nameless alga?, 
still represented amid the rocks by our anthracite bauds, cm* 
brown for many leagues the occjin bottom ; and millions of 
zoopliytos, not higli(‘r in the scale than the modem pennatu- 
hidie, which they not a little resemble, crowd eveiy square 
rood gf surface. And hero, at wide intervals, some ancient 
ten‘bratula fiistcns its fleshy cable to the rock, or there some 
lingula stands erects flower-like, in its horny stem. There 
are changes taking placc^ now gradual, anon abrupt ^ At 
one time death itself serves but to furnish fresh platforms for 
new life ; at another, through some subsidence in the gene- 
ral floor, the zero line of vitality is again reached, and over 
perished myriads, the dead, sluggish strata settle down. At 
length, when unreckoued centuries — mayhap hundreds of 
centuncs — have passed, the middle ages of the Lower SUa- 
riaii period are ushered in ; and when the Uandeilo flags and 
Bala limestones are iu the course of de][)osition in what is novr 
the principality of Wales, the transition limestones of Ayr- 
shire are also gradually forming, in no small part, — so abun- 
dant has life now become in the ^vaters, — of massive corals, 
and ef the stony exuvim of encrinites and molluscs. But to 
the period of this calcareous deposit, — so vastly prolonged, 
that the massive corals of its later ages grow upon rock form- 
ed of the remains of their early predecessors, — there comes 
a last day ; a sandy deposit begins to be cast down over i^ 
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and, in the altered circumstances, many of the coiu^ls die, to 
reappear no more. But life in other forms is not less abun- 
dant than in the previous time The sedentary brachipods, 
— ^pentamerus, witli its strange intcnial pirtitions, — toiHibra- 
tula, with its perforateil umbone, — orthis, spirifor, and atrypa, 
with their long tendril-shaped arms, — ^lie so thickly upon the 
arenaceous bottom, that their remains, as they yield to the 
inexorable law of death, fomi no inconsiderable proi^eriion 
of the ever-rising platform on which their successors spend 
also their determined day, and yield, in turn, to the destroyer. 
And thus, during the earlier and middle ages of the Caradoe 
Sandstones, stratum after stratum is laid down, each, in suc- 
cession, a home for the living and a buiying-ground for the 
dead. And then yet another change takes place. The are- 
naceous deposit is succeeded by a deposit of gniy argillaceous 
mud : the fauna, too, alters in at least its aspect, and in the 
proportions home in it by families and geneiu. Though in 
one certain bed, and for a comparatively short period, a small 
species of terebratula abounds, the brachipods generally great- 
ly decrease, — a consequence, mayhap, of the altered nature of 
the bottom, now considerably softer than before ; but, on the 
other hand, the cephalopoda, represented chiefly by the oi*tho- 
ceratites, very much increase, and the trilobitcs attain to 
their numerical maximum. Scales of fishes, somewhat re- 
sembling the bony plates on the sides of the sturgeon, have 
been found by Mr M‘Coy in the Silurians of Ireland, in a 
deposit at least as old as these shales ; whereas the system in 
Scotland has hitherto failed to yield any trace of the verte- 
brata. But though not yet prepared to demonstrate that 
fishes swam in this comer of the ancient Sj^to-Silurian ocean 
over the argillaceous shales, these must have been traversed 
by many a restless mollusc and crustacean, r—tiio one-cham- 
bered bellerophon, and the many-chambered orthoceratites,— 
by Calymene, Cheirurus, and Fhacops, with their nicely-ad- 
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justed armour of many joints, and by the massive Hlaenus, 
with its double buckler. With this upper formation of the 
Lower Silurian division, deposition in the earlier Palasozoic 
period seems to have ceased in this district. Farther to the 
south, however, on tlie shores of the Solway, the shales, in a 
somewhat altered form, \)a8s into the lower beds of the Upper 
Silurian, and exhibit some of its characteristic fossils. And 
wath these the Old Grauwacke recortl, as a record of life and 
death, abruptly closes in Scotland, and a chapter of purely 
[diysical revolution begins, — ^a chapter perplexed by passages 
of doubtful meaning, and by many different readings, but 
which tells, in cveiy page, of widely-extended convulsion and 
upheaval, and of the operations of deeply-seated forces of a 
power incalculably great. 

During the ages of either the Upper Silurian or the infe- 
rior Old Ked Sandstone, the deposits of the Lower Grauwacke 
division in Scotland seem to have been the subject of enor- 
mous latcml pressure, which raised their strata into many 
folds and ridges over wide districts, and, as there is reason 
to believe, elevated them above the sea level. Sir Koderick 
Murchison reckoned in the neighbourhood of Ginun from 
five to six axial lines in a section of less than eight miles ; 
and on the cast coast, in the instances made so famous by 
Sir James Hall, axial lines are, as I have already had occa- 
sion to state, still more numerous. Nay, the great difficulty 
which lies in the way of determining the true place of tlie 
older rocks of our southern Highlands arises from the inabi- 
lity geologists have hitherto experienced of dramng, amid the 
perplexities of these convolutions, a base line for the whole ; 
and from the further circumstance tln\t> for great distances 
together, so completely vertical are tlie strata, that the ascend- 
ing cannot be distinguished from the descending direction. 
On visiting the Fentland range of hills for the first time, many 
years ago, there was nothing which so impressed me as that 
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vertioal position in which I invariably found the Grauwacke 
slates of the district Forming the fundamental rock on 
which all the other rocks, sedimentary or igneous, liad been 
in succession cast down or erupteil, I saw it assuming the ai>- 
pearance of a foundation of piles, and presenting to even the 
veiy oldest of them, — the Old Bed conglomerate, — ^its ujy- 
tumed edges. This vertical Grauwacke, I said, must have 
assumed its present character and position, — ^nay, must have 
presented all its present marks of great antiquity, — at a time 
when the materials of the conglomerate existed at the bol tom 
of an Old Red Siiudstoue ocean, as beds of unfixed water- 
rolled pebbles, mixed with loose santl Kor is it easy, surely, 
to affix limits to the tremendous i^otoncy of the carth-tom- 
pest that must have originally inised it, over so extensive an 
area, from the horizontal to the vortical position. Unac- 
quainted at the time with the experiments of Sir Jamc3 ITall, 
I was reminded, during my visit, of a phenomenon wliicli I 
had witnessed when a boy, many years before, but which now 
came to assume in my mcmoiy a new chaKicter as an illus- 
tration. A severe long protracted frost had just broken up, 
and the lower reaches of the Cromarty Fritli were covered 
by immense floats of ice, wliich had foimcd in its upper flats 
and shallows ; when one of those dead calms which in our 
climate in the winter season so frequently licinld a storm 
was disturbed by a smart breeze from the south-east, and the 
loose floats borne oceanwards by the tide were drifted back, 
from between the Sutors, into an inflection of tlie shore which 
intervenes between the town and the hill of Cromarty. When 
the tide fell, and the bottom of the bay was laid bare, we 
found it occupied for many acres by the stranded ice, mass 
crowded upon mass, so that scarce an interstice could be seen 
between them, and all occupying the horiz^tal position of 
their original formation. As the tide rose, however, and tlie 
night fell, the gale freshened into a hurricane ; the ice, jambed 



OF SCOTLAm 


323 


agidnst ihe steep shore on the one hand, and reposed to the 
heavy roll of the waves on the other, began to pack^uoit so 
much by rising, as in a choaked up river, mass over maim, as 
by rising on edge ; and in the morning, when the tide had 
again &llen, we found it occupying, not the whol^ as before^ 
but only the inner portion of the bay, and uptilted on edg^ 
for ix)ods together, like, in shorty the uptilted Grauwacke 
slates of the Pentlanda. And may not, I asked, as the scene 
rose fresh in memory amid the recesses of the hills, — ^may 
not I be now witnessing the somewhat similar results of 
some tremendous ciirth-storm, in which the molten waves of 
the abyss first broke up the consolidated but still compara- 
tively thin crust of our planet, as ice is broken up under the 
joint opemtions of storm and thaw ; and then packed into 
tliis corner, as the ice-floats wei*e packed into the little bay, 
those mins of the surface which, while yet unb^ken, and 
in the horizontal position, must have extended over a much 
greater space ? It does seem, from the appearance of many 
of our more dislocated and older formations, that there came 
a time in the history of the globe in which there was, if I 
may so speak, no longer room to spread them out, and they 
had to bo compressed, in consequence, into many a fold and 
wrinkle. Are we to infer that these ancient robings of the 
carih, with their many convolutions, which, as it were, hang 
loose about it, indicate a slirinking in its genei*al bulk ? or 
are they merely but locally too large for the poitions of sur- 
face which they occupy 1 We are, I suspect, not yet in cir- 
cumstances to answer the question. But to conclude : — I have 
said it is probable that our convoluted Grauwackes were raised 
at a very early period over the level of the sea, least, in 
the^ beds of Red Sandstone which rest unconformably over 
their lower slop^, and along their deeper valleys, we detect 
the first traces in the south of Scotland of a terrestrial flora. 
The fauna is decidedly that of the Upper Old Red Sand- 



324 


ON THE ANCIENT GRAUWACKE ROCKS, ET(\ 


stone ; and, mingled with scales of Holoplychiua NobiUmmtis^ 
and plates of Pterichthys majors there occur what seem to be 
fragments of calamites, and what are unequivocally the fronds 
of a fern. And though shadow and darkness still envelop 
the land upon which they grew, we may be permitted to in- 
dulge at least in the provisional belief, tliat its framework 
was formed of oiu* convoluted Lower Silurians, already exist- 
ing as solid rock, and charged, as now, with the remains of 
a creation that had perished ; that it was encircled by an 
Old Red Sandstone ocean, inhabited by fishes of uncouth form 
and gigantic size ; and that it prcsentetl on its sloping hill- 
sides its primflpval denizens of the vegetable kingdom, now to 
the dews of the night, and anon to the light of day. Who 
would not wish to know somewhat regarding the gt^oginphy, 
and the organisms, vegetable and animal, of this ancient land 
of the Lainmermoors, — this Scotlatid emi)hatically of the 
olden time 1 But, save in a few tiittored fragments, its chro- 
nicles have perished, ami we can but darkly sunnise, from the 
existing Evidence, that such a land there onco was. 
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RED SANDSTONE, MARBLE, AND QUARTZ 
DEPOSITS OF ASSYNT; 

WITH THEIR SUPPOSED ORGAK1SH3 AXD PROBABLE 
AXALOGUES. 


In hurriedly journeying, two years ago, tliiDUgh the upper 
parts of Assynt, on my way to Loch Inver, I was so struck 
by tliG appearance of the stratihed limestone dcix>sit to which 
the marble beds of that locality belong, that I returned last 
season to examine it more at my leisure, and to titice, if pos- 
sible^ its relations to the other rocks of the country. I had 
been impressed, in the passing, both by its peculiai' aspect, 
and its occurrence in the same wild tract with a remarkable 
system of sandstone mountains, unique in the British islands, 
which have been represented by McCulloch as formed of 
the Old Red Sandstone, and which, from the nearly horizon- 
tal disposition of their strata, he i*egai*ded as hills of denu- 
dation. It is impossible, he argued, carefully to examine 
these widely-separated mountains, formed of thin nearly hori- 
zontal beds of ripple-marked sandstone, that -rest imcon- 
formably on the fundamental gneiss of the district, without 
ooming to the conclusion that they ara but the mere Aug- 
ments of a once continuous sandstone bed, from one to thi'eo 
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thousand feet in thickness, of which by much the greater part 
has been washed away by the waves and currents of mi- 
reckoned ages. But if this sandstone belong in reality to 
the Old Bed system, what, I asked, are those apparently as- 
sociated beds of stratified limestone and shale ? Are they 
not the representatives, though mayhap in an altered state, of 
those Old Bed ichthyolitic beds which, overlying the great 
conglomerate, exist in Boss, Cromarty, and Moray, as alter- 
nating layers of lime, clay, and sandstone, and occur in Caith- 
ness as the extensively developed flagstones so well known 
in commerce as Caithness flag ? And it was chiefly in the 
hope of finding some data on irvhich to detenninc the true 
answer to the quciy that I last autumn visited Assynt. 

I had examined, in the |u*cvious year, the Old Bed Sand- 
stone of Bu-Store and Durness, and satisfu‘d myself that it 
is the sam^ rock wdiich is developed in these lociilitios that 
forms tlie insulated hills of Sulvein, Coul-bog, and Coul-more, 
and which occurs at Gairloch in Boss-shii*e, in the southeni 
parts of Skye, and in the island of Bum ; and further, that 
in Sutherljind, as in Ross and luverness-sliires, it rests un- 
confonnably on a base of gneiss. I now fixed on Inch-iia- 
damph, near the head of Loch Assy lit, as the best possible 
centre for examining the assocAuied deposits of the district. 
It lies within less than two hours* walk of both the ujipcr 
and lower beds of the great system to which all the upper 
rocks of Assynt belong, and is in the immediate neighbour- 
hood of a range of noble precipices, — the cnigs of Stron- 
chrubie, — ^which present a magnificent section of the strati- 
fied limestone. Beginning with these, I traced them up- 
wards from near their base to the dcpositiiwhich rests over 
them (an immense bed of quartz rock, that forms by ipuch 
the greater part of one of the loftiest of the Sutherlandshire 
hills, — Benmore); and then, reversing my course, traced 
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til I rcaohod the fandamental gneiss of the coimtry. With* 
out^ however, detailing the resnlto of single excursions, let 
me attempt briefly describing the entire qrstem in the ascend- 
ing order, from the base upwards. 

The gneiss upon which the system rests is exactly the 
same fundamental deposit here that we find it to be in the 
Highlands of Scotland generally. It is of the ordinary mi- 
ncnJogical composition, too, and mixed up, as elsewhere, 
with the usually associated rocks and minerals, existing in 
the character of veins, bods, and included masses. It pre- 
sents, however, a peculiarity in the cast of its scenery, — 
shaicd also by the gneiss districts of 'Wester Ross — ^which 
lenders what I may tc*nn its pictorial aspect widely difler- 
ent from that of the gness of the centml and eastern High- 
lundii. Our gneks hills generally arc squat, truncated, con- 
fluent, massive prominences, tnivci’sed by wide straths and 
open glens ; and, though imposing often from their vast pro- 
portions, they are somewhat monotonous when spread over a 
wide tract, from their obtuse and rounded outlines, and from 
their lack of height in proportion to their great breadth of 
base. Ben Weavis in Ross-sliire, that rises to an altitude 
of little more than three thousand feet from a base some five 
or six miles either way, and on whose flat summit another 
hill as tall :is itself might be set dowm, may be regarded as 
a somewhat extreme but characteristic specimen of the class. 
And such, over an area of some seven or eight thousand 
square miles, is the ordinaiy scenic character of our gneiss 
hills. Tlie gneiss hills of Assynt, with those of the adjoin- 
ing districts, — Eddrachilles on the one hand, and Wester 
Ross on the other, — are, on the contrary, not massive, and 
rarely confluent : they never rise more than a ffew hundred 
feet in height ; they are seldom traveled by continuous val- 
leys ; and they are extremely abrupt and rugged in their out- 
line. Seen from one of their summits, the appearance pro- 
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seated is tli&t of a rough cockling sea ; while in tmvoliing 
among themi so thickly do they stand together^ and so per- 
plexing is the intricacy, that I felt as if I had got into a fo^ 
rest of hills, and was in danger of losing iny way. Fi-oin 
the imperfect dr.iinagc occasioned by the want of continuous 
Talleys, the district abounds in mossy swamps and little shal- 
low lakes, or rather lochana, remarkable for the vast iniin- 
ber of water-lilies that, in the lloworing season, mottle their 
surface, and relieve, by their quiet hoaiity, the geneml nig- 
gedness of the scenes in which they occur. A brown aiul 
scanty vegetation, much interrupted by gray pi*ecipiccs, j>ar- 
tially clothes the hill-sides ; and among the gi*oupes of turf 
cottages wliich the tmveller occasionally sees embosoriied in 
solitary recesses beside their scanty patches of com, he may 
find the last lingering remains of nitle and primitive contri- 
vances that have become obsolete in every other part of the 
British Islands. Those small cottage-mills, — the immediate 
successors of the hand-mill, — in which the water- wheel moves 
hoiizontally, and which, when laid open hy the antiquary in 
some encroaching moss or diiilbod sand-hill, he regards as the 
relics of a remote time, — are still extant and in use in this 
nigged gneiss region. 

The Red Sandstone of the district rests immediately over 
the gneiss, but belongs to a widely different epoch. The 
gneiss we find uptilted in every dii’ection, as if it had been 
operated upon by the disturbing forces from many centres, 
and for many ages ; whereas the sandstone which rests un- 
conformably over it presents a series of unbroken strata, 
reclining usually at low angles, and which had no sliare in 
the deep-seated convulsions wliich uptilte(t*and broke up tin? 
rocks below. Along the coast, — as in Durness in the Cape 
Wrath district, at Ru-Store, and on towai*ds Loch Broom, 
Grairloch, and Applecross, — ^it presents very much the scenic 
character of the Old Red Sandstone on the east coast ; and 
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nothing can be more siariking than the change which takes 
place in the landscape^ in passing from the wild mggedness 
of a gneiss region, to the level fields, swelling moon, and 
long undulating ridges of a sandstone ona But in the in- 
terior of the country, where the sandstone occurs chiefly in 
detached hills, it lends to the pi-ospect features of surpassing 
boldness and grandeur. Hising over a basement of rugged 
gneiss hills, that present the appearance of a dark tumbling 
sea, we descry a line of stupendous pyramids frx>m tw<f to 
throe thousand feet in height, 'which, though several miles 
distant in the background, dwarf, by their great size, the 
nearer eminences into the mere protuberances of an uneven 
plain. Their mural character has the effect of adding to 
their apparent magnitude. Almost devoid of vegetation, we 
see them barred by the lines of the nearly horizontal strata, 
as edifices of man*s erection are barred by their courses of 
dressed stone ; and while some of their number, such as the 
peaked hill of Suilvein, rise at an angle at least as steep and 
nearly as regular as that of an Egyptian pyramid, in height 
and bulk they surpass the highest h^ption pyramid many 
times. Their colour, too, lends to the illusion. Of a deep 
red hue, which in the light of the setting sun brightens into 
a glowing purple, they contrast a& strongly with the cold gray 
tone of the gneiss tract beneath as a warm-coloured building 
contrasts with the earth-tinted street or roadway over which 
it rises. The stone of which they are composed is a hard, 
compact, arenaceous rock, usually of a chocolate tint^ and 
-varying in grain from an ordinary sandstone to a conglome- 
rata But the pebbles which it incloses, and which usually 
ocdtir in thin beds, are greatly smaller than those of the 
Great Old Bed conglomerate on the east coast, — ^ranging in 
bulk fvom the size of a pea to that of an egg. They are al- 
most all water-rolled, — ^usually quartzose or feldopathic in 
their composition, though in considerable proportion jasper- 
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OU8 ; and, as I have often remarked of the pebbles of the 
Great Conglomerate, the prevailing colour among them is 
red, in a proportion which no longer obtains among the pri- 
mary rocks of the country. I detected in this sandstone, in 
the island of Bum, thin beds of a gray stmtifietl clay, resem- 
bling the clay of the ichthyolite beds of Ross and Cromarty ; 
but though they inclose occasional nodules, I failed to dis- 
cover in them aught organia The Old Red Sandstone of the 
w^t coast, like its probable analogue the Great Conglomerate 
of the east, is, so far as we yet know, an nnfossiliferous rlc- 
posit I may here mention, that I found at Gairloch in Ross- 
shire, nearly tliirty )^cars ago, a variety of this sandstone of 
a finer and closer grain than ordinary, which yielded freely 
to the chisel, and made — ^what is by no means common in 
the formation — an excellent hewing stone. McCulloch had 
not yet published his geological map of Scotland ; and the 
limits of the various rock-systems in the more inaccessible 
parts of the country were scarce at all known, when I was 
despatched, in advance of a party of workmen engaged to 
erect a dwelling-house on the shores of Gairloch, to find some 
suitable quarry for the rubble-work, — a sort of commission 
which it was thought, though I was but a mere lad at the 
time, my habit at looking at rocks might qualify me to exe- 
cute. I was struck, on my arrival, by the flatness of the 
promontory which forms the northern barrier of the loch, 
and the general softness of its outline, compared with that of 
the rugged gneiss region around ; and, immediately setting 
out to ascertain what sort of rock entered into its composi- 
tion, I found, somewhat to* my surprise, that it consisted en- 
tirely of red sandstone. But though J procured in abund- 
ance ashlar and corner-stones for our purposed buildipg, my 
discovery did not stand my master, the contractor, so much 
in 9 tead as it might ; as, in despair of finding sandstone in 
Gairloch, he had previously freighted a vessel with stones for 
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the hewn work from the quarries of Borghead in the Momy 
Frith* As I have already incidentally remarked, McCulloch 
estimates the thickness of the Old Bed of the west coast, in 
his description of the hills scooped out of it by the denud- 
ing agencies, at from one to three thousand feet 

Above the Red Sandstone there occurs a bed of quartz rock, 
several hundred feet in thickness, which bears in some of its 
layers a pure white, in others a flesh-coloured tint It is a 
stratified rock, but less regularly so than the sandstone which 
it overlies ; and, though hard, splinty, and indestructible in 
all its strata, it is decidedly mechanical in its composition. 
This indumted deposit must have at one time existed as a 
quartzose sand, — at another as an ordinary sandstone. Its 
upper strata are of a red colour, mottled with white; and in 
one of these the white portions take the form of minute 
cylinders, vertically arranged across the stratum, like jars in 
a case. Wliere exposed to the weather, the red parts of the 
stone waste from around these, leaving them standing up over 
the sui'face, as the little pipes in the cistern of a shower-bath 
stand up over the plane of the bottom ; and these curiously 
relieved cylinders McCulloch regarded as probably organic. 
I could, however, find no grounds whatever for the conclu- 
sion, as in their mechanical structure they difier in no respect 
from the red matrix which incloses them. They serve, how- 
ever, to remind one of similar appearances in the Old Red 
Sandstone of the cast coast. This bed of quartz rock forms 
some of the more picturesque mountains of Ajssynt Seen 
from the inn at Inch-na-damph, the tall hill of Spike^tn- 
Quenaig, which is entirely composed of it, is one of the 
most remarkable in a landscape which, for the bold grace of 
its futures, is scarcely surpassed in Scotland. An outline 
of flowing curvature divests it of the stiffiiess necessarily as- 
sociated with the perfectly conical form. It swells slightly 
outwards where the architect would place his comics and 
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then terminates in a horizontal tabic of small extent, resem- 
bling the plane of a |)ede8taL The entire hill is in truth a 
noble pedestal, on which some colossal statue, vastly greater 
than that of Rhodes, might be advantageously placed, to form, 
like the memory of some great man in the history of a 
people^ the central object of the landscape ; and when I first 
looked upon its fine proportions, relieved against the bright 
amber-tinted clouds of a gorgeous sunset^ and marked how 
its summit seemed, according to the poet, to kiss the sky,*’ 
I felt I CQuld have understood, had it been told that some 
hoary seer had in ancient times ascended from its top into 
the heavens, how the legend had originated. 

On tills quartz bed the stratified limestone rests, with its 
associated marbles. Less bold in its features than the other 
rocks of the district, apparently because of a texture less 
suited to resist the denuding and weathering influences, we 
find its place marked, amid the brown heaths which lie over 
the Red Sandstones, or amid the stony nakedness of the 
quartz-rock regions, by the rich green of the verdure which 
covers it . All the more valuable farms of Assynt lie on the 
limestone. At •one point, however, on the farm of Stron- 
chrubie, in the immediate neighbourhood of Inch an-damph, 
it presents a magnificent range of precipices, a full mile in 
length by about three hundred feet in height, which rises 
immediately above the road, and forms at this point the most 
striking feature in the prospect. The steep face of the range 
is barred horizontally by the strata, black, red, and gray, and 
relieved and softened by the bright green verdure that waves 
over its shelves and ledges, and bristles from every recess 
and crany. As we pass on to the west, Jjie precipitous range 
flattens into a gentle slope, still, however, lined longitudi- 
nally by the projecting strata, which, easier of access than in 
the precipices, can here be examined in detail. Though 
chiefly calcareousf, the rock presently icom its decidedly flaggy 
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structure, so much the appearance of Caithness flagstone 
(which, however, in some of its beds is also calcareous), that, 
on laying open some of the masses with the hammer, my first 
impulse was to examine them for the characteristic ichthyo- 
lites. In brief, the stone of not a few of the subordinate 
beds of this deposit cannot be distinguished from Caithness 
flagstones of the more rubbly kind, and are totally unlike 
any primary rock with which I am acquainted. We find 
them associated, however, with other rocks of a widely dif> 
fercnt character, such as traps of the porphyritic and green- 
stone series ; but though these assume, in conformity with 
the general arrangement of the deposit, the«form of strata, 
they are in all probability mere plutonic injections into the 
body of the deposit, and newer, not only than the strata over 
wliich they rest, but also than the strata by vrhich they are 
overlaid. In some instances, these trap beds cross the line 
of stratification. There occur, however, in the lower parts 
of the limestone division, intercalated strata of quartz rock, 
mechanical in its structure, which must be regarded as of 
the same age as the calcareous beds with which it alternates. 
The limestone is of various colours and qualities ; and we 
find each stratum retaining its peculiar character and tint for 
great distances together. Some of the strata are earthy, and 
of a chocolate brown approaching to red ; some minutely 
ciystalline, and of various tints of gray ; some nearly white, 
on at least their weathered surfiuses ; and some^ as on the 
fann of Auchmore, about a mile from the parish church, #ell 
nigh black, and, like the limestones of the ichthyolite beds of 
the east coast, strongly bituminous. like the limestone of 
most other localities, and of almost all ages, this calcareous 
deposit is a cavernous rock. There occur in it in this neigh- 
bourhood several picturesque caves by tj^e side of a tumbling 
stream, witliin less than half an hour’s walk of Inch-au- 
damph ; and the famous cave of Smoo, at Durness, so graphi- 
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cally described by Sir Walter Scott, is hollowed in what ap* 
pears to be the same deposit. It is remarkable, too, for the 
singular copiousness and number of its springs, — equally, I 
may mention, a peculiarity of the ichthyolite beds of Cro- 
marty and Boss. Where the highway runs along the base 
of the tall limestone escarpment of Stronchrubie, we see that 
every hollow has its little stream of sparkling crystalline 
water, that comes leaping to the light from amid the lower 
strata of the precipices ; and on the farm of Auchmore we 
lind a spring — ^perhaps the largest in Scotland — which con* 
stantly discharges a current of four cubic feet of pure water, 
and goes roaring down the liill in its lucky channel, rapid and 
copious as the water of a mill-lade just as the miller has raised 
the sluice. It is really a fine object, — finer and more impos- 
ing than I had previously supposed a mere spring could be. 
It comes bui’sting up out of the earth, a little river, very clear, 
and in summer very cool, though in winter it feels warm to 
the hand, and during hard frosts smokes, as if heated over a 
fire ; and rank aquatic plants of lichest green, never scathed 
by the frosts of winter, spring up in a broad fringe along its 
edgea 

It is with this great limestone deposit that, as I have 
already intimated, the marbles of Assynt are associated. 
Though unstratified themselves, they usually occur in the de- 
posit as detached strata, or beds rather, more or less continu- 
ous for considerable distances. They are of various colours^ 
eadh bed bearing its own, such as, of a pure white, or a white 
mottled with a delicate greenish yellow, or white clouded 
with gray, or altogether of a difibsed light gray tint, or of 
a deep gray streaked with red ; and the^ were wrought for 
ornamental purposes in two several places about thirty years 
ago, by a Mr Jopling from Newcastle. “ But owing princi- 
pally,” says the Messrs Anderson of Inverness, in their ad- 
mirable Guide Book,” '^to the disadvantages arising from 
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the want of roads fit for the conveyance to the coast of the 
weighty blocks, the speculation did not succeed ; and although 
this chief obstacle has since been removed, no attempt has 
been made to renew the undcrtakingi*’ One of the old work- 
ings occurs in the neighbourhood of the parish church, where 
a large block, operated upon by the saw, may still be seen in 
the hollow whence it was excavated. The marble here is of 
the dark gray variety, streaked and veined with red j but, as 
shown by the dressed surfaces of the mass left behind by the 
worken?, it seems but indifferently suited to resist the action 
of the weather, in at least a climate such as that of Assynt 
In little more than a quarter of a centuiy the marks of the 
tool have almost entirely disappeared from the stone ; and 
the sparry substance which fills the rod veins has sunk con- 
siderably beneath the level of the darker portions which it 
, tiavei’sea At the other old 'working, near Ledbeg, about six 
miles higher up the valley, the white and gray varieties of 
marble occur ; and bare rounded masses may be seen fix)m 
the road, rising over the brown heath or peaty soil, like those 
wasted and partially soiled wreaths of snow that mottle at 
midsummer the upper zones of our higher hilla It formed 
a subject of complaint to the workmen, that the rock in this 
locality is so tmversed by cracks and flaws, that they fidled 
to procui’o from it blocks at once solid throughout, and of a 
size sufficient for such purposes as the manufacture of table- 
slabs or large chimney-lintels ; and I have been informed that 
the noble proprietrix of the county at the time, — ^the late 
Countess Duchess of Sutherland, — desirous to procure for the 
ancient fiimily seat of Dunrobin a fine specimen of the native 
marble of the district^in the form of a chimney-piece for one 
of the public rooms, had to content herself, instead, from this 
cause, with simply a chimney-piece for one of the smaller 
bed-room& As the workings, however, — prosecuted for but 
a short tim^ — ^were but mere scratchings of the sur&ce^ it is 
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probable that the masses at a greater depth are greatly more 
sound, and that — as is common in marbles — ^what occurs 
as a flaw within the influence of the percolating rains and 
penetrating frosts, may exist, removed beyond their reach, as 
merely a streak or vein. 1 And it stated by Mr Carmichael, 
in an elabomte essay on the Limestone Quarries of Scotland, 
which received the prize of the Highland Society, that no 
real marble has ever been found in this country, — no stone, 
at least, fitted to stand what he terms the three criteria of 
a true marble, \iz., susceptibility of a high polish, chemical 
composition, and compact homogeneous structure. He states 
that Sutherland marble leaves three per cent, of residuum 
when subjected to the testing muriatic acid, whereas Carrara 
marble leaves none ; and that every attempt to polish Scotch 
marbles has shown them to be “ coarse, dissimilar in their tex- 
ture, full of flaws, and of a dull lustre, even when smoothed 
to the best advantage.” To the flaws of the Assynt marble 
I have already referred as probably of a surface character ; 
with regard to its chemical composition, I may venture to 
remark, that a marble may surely bo less pure by three per 
cent, than that of CaiTara, and yet be a real marble notwith- 
standing ; and with respect to the polish of which the Suther- 
land marble is susceptible, it may bo enough to state, that 
though pieces which I attempted polishing for myself are, as 
may be seen from specimens on the Society's table, dull in 
their lustre, those beside them, which I submitted to, a marble 
cutter, bear quite as high a gloss as most of the finely varie- 
gated marbles of the Continent. 

Above this great limestone bed there occurs a second more 
than equally great deposit of quartz rotk, gQperally of a white 
colour, but in some of its strata tinged with red. It is truly 
a vast formation forming, though laid along the surface «it 
a low angle, by much the greater part of some of the loftiest 
hills of the country, — such as Glasvecn, Ben-ITie, and Ben- 
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more. Even where most indurated^ it is everywhere, like 
the resembling bed which underlies the limestone^ purely me- 
chanical in its structure, — an indurated, indestructible sand- 
stone, in short ; and how yeiyipbtidurated and indestructible 
it is, the gray and hoary nakedness of the massive eminences 
composed of it serves very conclusively to show. It never 
resolves into soil : the only tracts of soil which occur over it 
arc of a peaty charaeten^ formed simply through the agency 
of water, and of that low vegetation which, in a weeping cli- 
mate, water can of itself sustain. Where the hill-sides, form- 
ed of tliis deposit, rise steeply, they admit of no covering at 
all, — not even of a crust of moss or of lichen ; and their sum- 
mits gleam white and bright to the summer sun, as if over- 
laid by a continuous layer of snow. I may add that, from 
its gi*eat durability, it bears with singular distinctness, in 
this region, marks of the old glacial action. High above the 
sorely weathered limestones, that retain not a trace on their 
surface save of the recent storms that last washed them, we 
find the white quartz rock still as smoothly polished, as dis- 
tinctly grooved, as sharply lined and furrowed, as if the great 
ice-river which produced the phenomena had grated over them 
but yesterday. This upper deposit of quartz enters largely 
into the composition of some of the wildest and most desolate 
scenery of Assynt, In looking up the dark narrow lake 
which takes its name from the district, we see the broad bases 
and naked storm-riven summits of Bemnore and the neigh- 
bouring mountain Glasveen, foiming the back-ground of the 
landscape. The ancient castle of Ardvorack, and the old 
mansion-house of Eddiuchalda, — ^both broken and roofless 
ruins, situated within a few hundred yards of each other, — 
the one shattered by lightning, the other scatlied by fire,-— 
coni^ris^ fr’om one interesting point of view, tlie only human 
dwellings visible in the prospect : solitude broods around ; 
tlie distant hills, bald, verdureless, and hoary, seem the lulls 
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of a wom-out and desolate planet, and harmonize well with 
the deserted ruins and the dark lonely lake beneath i and 
altogether so impressive and unique is the scene, that, when 
I first looked upon it throiig)||^hc lurid haze of a stormy eve- 
ning, it seemed suggestive of universal death and extinction, 
and the lifeless old age of ci*cation. According to the poet,— 

The sun’s eye had a lighiless glare ; 

The earth with ago was ipn.” 

I have already refeii’ed to JVrCullochV supposed organ- 
isms of the bed of quartz rock which underlies the Limestone. 
Other supposed organisms of, as has been tliought, a less equi- 
vocal chaiucter, also occur in the deposit, though J failed to 
detect them in this neighbourhood, where, however, they aixj 
said to be found, though more rarely than on the northern 
coast of Sutherland, on the shores of Loch EribolL I visited 
that locality in the previous year, mainly that I might ac- 
quaint myself with what at the time wore deemed the most 
ancient of Scottish fossils, — these supposed organisms ; but 
though, under the inteiiig; nt guidance of Mr Clark of Eri- 
boll, I succeeded in finding them, I found the evidence re- 
garding both their place and character of a very unsatisfac- 
tory kind. They occur not in situ, but in detached boulders 
spread over a limestone district, though derived apparently 
from the neighbouring quartz rock. Unlike, however, the 
quartz rock of Assynt, the stone yields to the weather, in 
consequence, it would seem, of a considerable admixture of 
iron in its composition. In breaking open a boulder, we see 
an oxydized discoloured ring running parallel to its outer sur- 
face ; and it is almost always in the discoloured ring that the 
supposed fossils occur. They are small Wibular bodies, from 
one to three lines in length, by about half a line in breadth, 
of a grayish or brownish-white colour, non-calcareou8,-Lfor 
they do not effervesce on the application of the most power- 
ful acidf^— and containing usually a brown oxydized substance 
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in thoir interior. In the better, at least more distinct^ spe- 
cimens, they somewhat resemble fragments of serpula, or those 
segments of dentalia which one occasionally finds id the 
boulder-clay of Caithness ; but they are in all probability 
not the remains of either annelid or mollusc, but mere effects 
of the oxydization, under peculiar circumstances, that has dis- 
coloured the matrix in which they lia Iron pins or nails 
we find not unfircquently represented on sea-beaches where 
wrecks have taken place, or near some dockyard or harbour, 
by mere oxydized tubes, hollow within; and it is not im- 
probable that to minute pin-like crystals of some mineral or 
metal new represented by only the oxydized substance en- 
closed within the hollow-, do these little tubes, owe their origin. 

I at lejist wholly failed to satisfy myself that they are organic 
in their cliaracter ; nor do I suppose that they would be by 
any means the oldest of Scottish fossils, even if they were. 

This upper quartz rock forms the highest and most modem 
deposit of the marble districts. Taking the summit of Ben- 
more as its apex, a shaft sunk on the top of that noble hill, 
to the depth of perhaps eight or ten thousand feet, would pass 
in succession through the fii-st or Tipper quartz; through the 
limestone with its associated marbles and flagstones, through 
the second or lower quartz, through the red sandstone, with 
its conglomerate beds ; and finally, it would reach the uncon- 
formable gneiss, on which the whole system rests; for as 
one system must these four great deposits be regarded, Wher^ 
among the otlier systems of Scotland, I ask, are wo to seek 
for its analogue and representative 1 

Let me first remark, that the Lower Old Bed Sandstone 
of the east coast of Scotland, as developed in Inverness, Boss, 
Cromarty, Sutherland, Caithness, and the Orkney Islands, 
consists of exactly the same number of great divisions as this 
system of the western epash That subordinate Bed Sand- 
stone of the western system which has been coloured as Old 
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Bed in every geolo^cal map of Scotland ever published^ and 
which extends, in an interrupted belt) firom Eilan Garbh, be- 
yond Cape Wrath) to the island of Bum, a distance of moi^ 
than a hundred and twenty mileS) corresponds in place to the 
Great Conglomerate of the east coast, — a dei>osit equally con- 
tinuous. The lower quai^tz IhhI which overlies the ml sand- 
stone vre lind occupying exactly the phtce of a thick are- 
naceous bed) by which, on the east coast) the Gi*eat Conglo- 
merate is overlaid The stratiEcd limestonos, with their as- 
sociated flagstones and marbles, occupy exactly the place of 
the flagstones and associated limestones of Caithness, and the 
stratified, semi-calcareous, nodule-bearing clays of 0k*omarty 
and Boss. And, finally, w’e see the vast upper quartz de- 
posit of the w-est occupying exactly the place of that thick 
deposit of sandstone, red, wdiite, and yellow, which overlies 
the ichthyolitic flagstones and stratified clays of the east, and 
which may be found immensely developed in the Ward-hill 
of Hoy, and in the promotories of Dunnet-head, Cannisbay, 
and Tarbet-ness. Bed for bed, the two systems correspond 
not only in number, but in character and place ; for even the 
quartz-rock beds that are altered most cannot be regarded as 
other than indurated beds of quartzose sandstone. Let me 
further remark, that both systems rest unconformably on the 
same ancient rock, — the fundamental gneiss of the country. 
Were the systems not identic^, we would have to account for 
the curious fact, that, resting on apparently the same rock, 
ihe number, cliaructer, and relative position of their beds 
should also be the same, — a contingency, regarded simply as 
such, that would exhaust many chances. Why, for instance^ 
should the stratified limestone and flagstone Md which occu- 
pies, in Caithness and elsewhere on the east coast, the second 
place in the system reckoned from the top downwards, and 
the third from the bottom upwards, occupy exactly the same 
place in Assynt, and not the place of any of the other beds 7 
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Or why should the red, rough-gwdnod sandstone with its in- 
cluded pebbles, which occupies the first place in the system 
of the east coast reckoning upwards, occupy also the first 
place, reckoning upwards, in that of the west coast, and not 
the place of any of the three beds which overlie it I Or, fur- 
ther, why should the place of the two great sandstone beds of 
the castrcoast system, in their position as second and fourth, 
be occupied in the west^^ast system by arenaceous beds also 
second and fourth in the series, instead of being occupied by 
l)eds not arenaceous % The number of the chances against 
such thorough coincidences as that exemplified here, regarded 
simply as chanoes, are so great, that they wiU be found to 
occur in no two British systems not identical The proba- 
bility, so to speak, that an unaltered system which in one 
locality is fossiliferous in one of its beds and non-fossiliferous 
in any of the others, should in another locality be slightly 
altered in all its beds, and, in consequence, non-fossilifferous 
in them all, is a probability which must be regarded as hav- 
ing many more chances in its favour. 

Let me also remark, that the Old Bed system of the east 
coast, which rests, as 1 have said, on the unconformable gneiss, 
is overlaid in several localities, as at Eathie and Shandwick, 
by beds of the Liassic formatioa A wide gap occurs in the 
geologic scale in these northern districts : the Carboniferous, 
Peimian, and Triassic systems, are wanting ; and along the 
northern side of the Moray Frith generally the Old Bed 
Sandstone forms the immediate base of the Lias, — a forma- 
tion which, though it barely appears on the edge of the land 
there^ is apparently largely developed under the bed of the 
German Ocean. And it is worthy of being noted, as bearing 
01^ oui’ question, that the Scottish Lias of the Atlantic holds 
— as at Broadfdrd and Applecro^ — exactly the same relar 
tion to the Bed Sandstone of the west coast that the Scottish 
Lias of the German Ocean does to the Old Bed Sandstone of 
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the eaeii Both Bed Sandstone deposits may be equally do- 
scribed as resting on the gneiss and overlaid by the lias. 
Farther, 1 may be permitted to ask, to what system known 
to the geologist does tlie Rtni Sandstone of our north-wcstcni 
coasts belong, if not to the Old Rod System ? Quartz rock, 
in all its various modiilcatious, ftom a purely mechanical t(» 
a purely crystalline stone, is of common occun’ence in wlint 
are known as the primary districts ; a bed of micarschist is 
not unfrequently found to pass almost iinpei'ceptihly, by gm- 
dually dropping its mica, into a true quartz rock ; nor are 
such transitions unfi*equent in giiciss deposits ; but the only 
true Red Sandstone I ever yet met in a so-called primary 
district is tlie Red Scondstono of the norih-westoni const of 
Scotland. It must represent^ with the overlying quartzose 
and calcai*eous beds, an enormously extended period. \Vhei‘e, 
among the primary rocks of the southern Highlands, for in- 
stance, or of any other region, shall we look for the deposits 
representative of the same age? Regarded as primary, it 
fdrms an intercalated period in the geologic history of this 
north-western tract of country, which we find unrepresented 
in every other district. I may add, that the quartz-rock 
formation, which runs diagonally athwart the kingdom in de- 
tached patches, fiom Islay on the west to Banff and Aber- 
deen shires on the east, and which holds geologically a middle 
position between the gneiss and the mica-schist, is an alto- 
gether different deposit from the quartz rock Sf Assynt. 

Both Dr McCulloch and the late Mr Cunningham of Edin- 
burgh have stated, that a great formation of gneiss in the 
northern parts of Sutherland is found overlying its quartz 
rock ; and “ this relation of quartz rock <5 undoubted me- 
chanical origin to highly ciystalline gneiss is a fact>” remarks 
Rpofessor James Kicol, in his “Guide to the Geology of 
Scotland,’* “ of considerable importance, though merely what 
znight have been anticipated on the metamorphic theory.’* I 
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visitody two years ago, tJie district near Whiton Head, in wUch 
the sections occur that are said most thoroughly to demon- 
strate this superiority of the gneiss to the quartz rock, but 
was prevented from examining them by a tract of wet and 
very boisterous weather. There scorns, however, to be a link 
wanting in the evidence, in its bearing on the matter specially 
in hand, — ^the position of the Assynt deposits. The gneiss 
of the Moin, — a dreary waste, that stretches between Loch 
Eriboll and the Kyle of Tongue , — does seem to overlie the 
quartz rock of Whitoii Head, just as in many other localities 
genuine gneiss holds, on the small scale, a superior position to 
genuine quartz rock ; but it has perhaps still to be shown 
that the quartz rock liere is at all of the same age, or occu- 
pies relatively the same place, as that which in Assynt over- 
lies the calcareous flagstones, and forms the summit of Ben 
More. The nearest Red Sandstone to the gneiss and under- 
lying quartz rock of Whiton Head is that of Craig na Vrechan, 
at Tongue ; and it very decidedly overlies the gneiss. But 
this special point I do not profess to have examined. 

In conclusion let me remark, that whiles from the reasons 
adduced, I have been led to conclude that the sandstone de- 
posit of the west of Sutherland, with its associated quartz 
rock and limestone beds, represents the Lower Old Bed Sand- 
stone of the eastern coast, 1 do not regard the conclusion as 
founded on other Umn merely a strong probability. In specu- 
lating on tluftnio place of a deposit in which fossils do not 
occur, and whose stratigraphical relations to the well-known 
fossiliferous rocks cannot be tinced, we must, I susi)ect, be 
content with simply the probabla For my own parf^ the 
occurrence in one of the flagstones of Strongchrubie^ of the 
sgine of a Cheiracanthus, or of a few scales of Dipterus, or 
of the plates of a Coccosteus, would satisfy me more thoroughly 
than all the arguments ever derived from mineralogical cha- 
racter, or &om the occurrence^ in a certain order, of cei-tain 



344 


ox THK BED SANDSTONE, ETC. 


peculiarly marked beds. But while I must regard the iden* 
tity of the Red Sandstone of the north-eastern and north- 
western coasts of Scotlaud as by no means fully established, 
I am at least strongly of opinion that, as they are essentially 
the same in their aspect, order, and components, they repre- 
sent also the same period in the history of the globe. From 
finding the strata of the Old Red Sandstone upturned against 
our primary mountains, and truncated atop, and from tliose 
detached fragments of the system which occur a^ insulated 
hills fiir in the Highland interior, I was led to conclude, 
many year's ago, that this deposit had at one time overlaid all 
the primary rocks of Scotland, from the southern Hanks of 
the Grampians to the northern boundary of Sutherland, — a 
conclusion to which Sir Charles Lyell, in the later editions of 
his “ Elements,” has approvingly referred, as coincident with 
views on the subject entertained by himself And these are- 
naceous ix)cks of Assynt, with their associated limestones and 
marbles, I must regard as in all probability a portion of this 
once continuous system, hardened by metamoiphic action, 
and wliich having, in consequence, resisted the denuding 
agencies that swept away the contemporary beds, still con- 
tinue to wrap over the contorted and broken gneisses and 
giunites of the district, and to form its most elevated moun- 
taina It is the surviving fragment of a covering of which 
almost all the other portions have crumbled away piecemeal, 
and disappeared ^ 



ON THE 

CORALS OF THE OOLITIC SYSTEM 
OF SCOTLAND. 


Corals are extremely rare iu the Lias. Messrs Milne-Ecl- 
vards and Haime figure, in their elaborate “ Monagraph of 
tlie British Fossil Corals,” only tlirec Liasic species, two of 
them exceedingly minute and the third appa- 

rently a CyathojjJiylh^m^ of doubtfiil lineage, and very pro- 
bably, it is stated, a mi.splaced palaeozoic specimen. In the 
Lias of the eastern coast of Scotland, at Eathie, Nigg, and 
Shandwick, I have not succeeded, after the search of years, 
in finding a single coral ; in that of Skye, however, I have 
been more fortunate. When examining, nearly eight yeai's 
ago, tlie Liasic d^osit at Broadford, — ^by far the most ex- 
tensive'. development of this formation in Scotland, for it runs 
across the island from sea to sea, in a belt from two to four 
miles in breadth, — I came^ near the base of the formation, 
and at a little distance from where it leans against the so- 
called Old Bed Sandstone of Slate, on what seemed to be a 
dark-coloured bed of concretionary limestone, of veiy irregu- 
lar surface, and varying from three to four feet in thickness. 
The seeming concretionary masses were separated by what 
appeared to be a giny, indurated mud, which wrapped them 

z 
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round, conocaling their tmo character ; but where Hie edge of 
the bed was exposed to the lashings of the surf, the Imrdonwl 
mud had been washetl awar fiom the cnlciiivous nuclei ; and 
I was not a little surprised to find, that the scoiuing concre- 
tions w'ere massive corals, apparently all of one species, and 
evidently of the family Astreida\ The masses in this unitpie 
bed, each a corallum, are of irregular form, hut usually Ibit 
and oblong, and vaiy in size, fiom nine or ten inches in length 
by six or eight in breadth, to fro'ni three to four inches in 
length by from two or three in breadth ; while in thickness 
they vary from about two-and-a-half inches to less than an 
inch. They are thickly covered on all sides by shallow poly- 
gonal calices, irregular both in size and fonn, for they vary 
from nearly half an inch to little more than a line and a-half 
in breadth, and present from four to six sides. The divid- 
ing walla are thin, and not prominent, ami each calice is tra- 
versed by from thirty to sixty septa of unequal size. A coral 
of the Inferior Oolite, Isastrea tenuidriaJtny resembles this 
Isastrea of the Lias more closely tlian any other fossil species 
yet figured ; but in the Oolitic Isastrea the calices seem to 
be more equal in size, and more regular in fonn ; and from the 
smallness and fragmentary character of the specimen giver 
in the monograph, I was unable to determine whether it pos 
sessed what seemed to be the most marked characteristic o 
the Skye coral. In all the other species of Isastrea I have 
yet seen, each corallum lias a determinate base, from whicl 
the coralites radiate ; whereas in the Liaaic species they seen 
congragated together on all sides of the corallum (which aj; 
peara to have had 90 base), like the cjjla in a honeycomb, am 
even cover wen-like protuberances on the general surface, i] 
a way that precludes the possibility of their having radiate 
from any common axis or centra 

The histoiy of this coral bed of Skye, so unique in tli 
Lias, seems to be simply as follows : — ^In what is now tt 
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Timer Hebrides, i\h in otber parts of the British islands, the 
Liasic deposit appears to have been a muddy one, and un- 
favoumblc, in consequence, to the growth of corals. Compa- 
ivitively early in the period, however, a pause took place in 
the process of dcq)osition ; massive corals began to form at 
the bottom of a clear sea ; the term of rest ivas protracted for 
ages ; as one corallum died, another formed over it, until at 
length the bed had become several feet thick, and then the de- 
})Osit suddenly returned to its old conditions. An arenaceous 
mud began to be cast down, which insinuated itself into all 
tlie interstices of the bed, as the run lime of the mediseval 
builders insinuated itself among the loose stones with which 
they filled up the interior poi-tions of their walls. In ciioum- 
stiinces so ungenial the coralites died ; stratum after stratum, 
— not a few of these richly charged with the peculiar shells 
of the Lias, — ammonites, belemnites, and the characteristic 
giypha'a iiicurra, — were heaped over them to the depth of se- 
veral hundred feet. In a few of the overlying strata the same 
coral again appeared, but only in small and unfrequent spe- 
cimens j and, so far as we yet know, not until the times of 
the Lower Oolite did corals in any consideinble abundance 
again live in the seas of the Scottish Oolitic system* 

The Lower Oolite, as developed in the neighbourhood of 
Helmsdale, on the noi-th-eastem coast of the kingdom, is com- 
j)aratively rich in corals : at least, if species be not numerous, 
individual specimens are far from rare. I stated to the So- 
ciety on a previous occasion, that on examining, some years 
since, a heap of materials collected along tlie beach in that 
neighbourhood for burning into lime, I found that about two- 
thirds of the whole consisted of fossil wood, and the remain- 
ing third of a massive fossil coral This coral, also an Isas- 
trea, is of great size : I have seen specimens which a strong 
man could scaixie raise from the ground ; and a specimen on 
the table of the Society, selected, however, rather for its fine 
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foim tlian for its bulk, measures full eighteen inches in length, 
by about a foot in height Its comlites, unlike those of the 
Liasio species, ai*e veiy tall, extending in some s[>ecimcns 
from the base to the upper surface. Its calicos, however, are 
considerably smaller, and of more equal size, averaging about 
two lines across. Their walls, which ai*e thick and well-do 
iined, stand up abruptly, wdth mui*^ ercetness, over the cen- 
tral depression, which vanes from a line to a line and a-half 
in depth. They are divided by from twenty to twenty-four 
septa, of which, however, more than the one-half are nidi- 
mentary, learfng but from four to eight of their number to 
meet in the centre of the visceral cavity. In the thickness 
of its walls and the character of its septa, this lielmsdalo 
Isastrea^greatly resembles the Tsastrea ohJonga of the superior 
Oolite, — a species which has been found hitherfo only at Tils- 
bury, Wiltshire. It also resembles, however, tliough in a 
less degree, EicJuirdsonif — acoml of the Lower Oolite ; 
but it is possibly a new species. I have found in the saints 
beds, though much more rarely, what seemed to be a dilTerent 
species of I.sa.stre4i, though closely allied to the one described. 
Tlic condluin, massive like that of the other, is always gi’CJitly 
smaller. The calicos, however, are considerably larger, ami 
mthcr tliiuner in the walls,* which do not stand up so ubmptly 
over the central hollows ; the septa vary from about twenty 
to twenty-four in nural>er ; and whore they meet in the cen- 
tre, they rise in many of the calicos into a protubemnt knob, 
like the termination of a tine columella, which, however, like 
all the other species of the extinct genus Isastrea, it^ wants. 
A Tliamnastrea is also found in the same beds, but always 
hitherto in a state of bad keeping. Uidiko any of the Ooli- 
tic Tliamnastrea figured by Messi^i Milnc-Ed wards and Ifaime, 
the corallum forms a mere iucinstation on rocks and stones 
of older deposits than the Oolite, and is in some specimens 
less than half a line in thickness : the calicos are small and 
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shallow, and rather thickly set The circular elevation, which 
corresponds in this genus to the inclosing wall of Isastrea, is 
very apparent in weatherm^ specimens, but, as in TJwmnaih 
trea LyeHl, only faintly visible in those that are less worn ; 
while, as in the species Thamnmtrea scita^ the columella, if 
it at all possessed one, was rudimentary. I have usually 
found this species encrusting masses of indurated Old Bed 
Sandstone of the flagstone foimation, which must have been 
as ancient a looking rock in the times of the Oolite as it is 
now, and, when laid open by the waves along the beach, must . 
have exhibited its ichthyolitic remains in their present state 
of keeping. In fine, in its rocks and stones this beach of the 
Oolite on what is now the eastern coast of Sutherland must 
have resembled that of the neighbouring county of Caithness 
ill the present day. And as on the latter shore, as we ap- 
proach the line of extreme ebb, w’e find rolled masses of dark 
gmy flagstone, paitially covered with pale-coloured nulliporite 
encrustations, there would have been found, had there been 
an inquiring eye to prosecute the search, similar dark gray 
masses, bearing their encrustations of Thamnaatrea, along the 
old shores of the Oolite. 

But while the fmmework of the scenery must have been 
thus the same in both eitis, and the same incalculably ancient 
sea must have broken in both against the same bid fossil-bear- 
ing rocks, how entirely different must not the vital scenery 
of the two jieriods have been ! Where we now see micro- 
scopic Lcpraliii and dwarfish Sertularia, huge Isasti'ea, embroi- 
dered by their flower-like polypes, and wide-spreading sheets 
of Thamnastrea, similarly mottled, must have gleamed white 
through the green depths of the water, as their existing re- 
presei^tives may be seen gleaming from the quiet recesses 
of tropical higoons in tlie present day ; the ammonite and be- 
lemuite must have careered over and around them amid the 
sheen of ganoidal scales ; and where the seal now disports, 
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the plesiosaurus must have gambollcHl, anil the 
ichthyosaurus have darted along the tmets now tiuver.>eil by 
the {H^ise and the whale. |P 

The Oolitic deposits in the neighbourhood of Helmsdale 
consist mainly of beds of a laminated, dark-coloured, arenace- 
ous shsde (charged with ammonites and belemnites, serpula 
and tei*ebratula), which alternate with beds of a rough conglo- 
merate, formed chiefly, as has been ali'eady intimated, of Old 
Red Sandstone materials. The corals, especially those of 
the genus Isastrea, occur both in the shales and the con- 
glomemtes ; but it is amid the rocky masses of wliich the 
latter are composed that they seem to imve gi'O^Ti ; and in 
the shale we not unfrcquently find them ovei*tiinied, as if 
they had been tom with violence from their pi*op(*r habitats 
on some stony ridge or hard bottom, and buried heail-down* 
wards in the miul Conils, appaveuily of two different s[)o- 
cies, occur at Brora, but in so defective a state of keeping, 
that little else can be said regarding tbimi ibau that they 
seem to belong to the genus Thccosmilia, In both, the co- 
rallum is composite and dendroid ; but in the one the branches 
strike off at more acute angles than in the other. Its calices, 
too, are more rounded at their edges, and its septa less sim- 
ple, more flexuous, and more prominently denticulated. So 
imperfect is their state of preservation, that neither species 
exhibits the exterior coating or epitheca characteristic of the 
genus. The place in tlie system in which they occur is higher 
than that of the beds at Helmsdale, , but not higher than the 
base of the Great Oolite. And such are all the corals of 
the Oolitic system in Scotland with whiej^the explorations 
of years has brought me acquainted 

The other subject to which I purpose directing for a brief 
space the attention of the Society has a connection, rather in- 
cidental than direct, with the fossil cofals of our country. On 
first acquainting myself, about ten years ago, with the massive 
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Tsfistrca of ITf Imsdaloj.wliose resemblance iolaaairea ohlonga I 
have pointed out, I remarked that not a few of the larger spe- 
cimens had been peffors^d, apparently in the recent a^te, by 
cii'cular openings, rcsc^Pfig those made by our rec^ pho- 
ladie, and which were usually filled up by a grayish-coloured 
grii^ identical with that which formed the unitiDg cement of 
the conglomerate in which the corals occuired.^ I at once 
attributed their formation to lithodomous shells of the Oolite^ 
and ventured to describe, in the WitTiesa for 1843, one of my 
iirst'-found specimens as a curious fragment of coral perfo- 
lated by an ancient pholas.” “ The cavity,” I continued in 
my description, ‘‘exactly resembles those cavities of the ex- 
isting litliodomous shells which fretted so many of the cal- 
careous masses that lay scattered on the beach on every side 
of the specimen ; but it is shut firmly up by the coarse gritty 
sandstone in which the coral itself had lain buried ; and a 
fragment of carbonized wood lies embedded in the entranca , 
Tlic cave is cui’taincd across by a wall of masonry immensely 
more ancient than that which converted into a prison the 
cave of the Seven Sleepers.” Several years, however, elapsed 
from this time ere I succeeded in detecting the shells by 
which the cavities liadT^een formed ; and not until two years 
ago did I find specimens sufficiently entire to admit, and 
that still but imperfectly, of desci'iption. They seem to have 
been slim wedge-shaped bivalves, greatly resembling modiola, 
but belonging evidently to the genus Lithodomus. Sir Eo- 
dcrick Murchison, in his great w’ork on the Geology of Rus- 
sia, figures a Lithodomus of the Oolite of that country un- 
der the specific name Lithodomus Eranianus; but it is a 
greatly smaller shell than the Scotch one, measuring little 
more than a quarier of an inch in length ; whereas the Helms- 
d^c species measures, in my larger specimens, two inches and 
a line in length. The Russian species, however, in propor- 
tion to its geneml size, seems to have been a mossier and 
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broader shell. An Oolitic bivalve figiuvd in the work 
as Mytihis viclnans^ very much resembles, both in siz<* aii<l 
form, ^’6 that it also is pi’oportiti^ly a iiuissier shell, ono 
of my roialler specimens. l^oincj^iRie larger musses of thu 
Helmsdale Isastrea are much fi*etted by this busy excavator. 
In one of the smaller fragments of coiuJ on the table we fiml 
the fossil rtinains of three individual shells that had burrowed 
in it, and the cell of a fourth ; and in the massive coraUuxn 
beside it there are no fewer than four-and-twenty of these 
excavations now filled with grit, but doubtless once tenanted 
by a borer a>piece. If, as is probable, it was limning at the 
time when the excavators were at work within it, and ix)s- 
scssed, what is more questionable, the sense of feeling, it 
must have been wofully subject to stomach complaints and 
fits of gi’iping in the how’els. 

Tliough those lithojdiagi of the Oolite occur cliiefly in the 
coinls of the period, they are not exclusively restricUjd to 
them. I have found them, though i*arely, in Old lied flag- 
stones of the coiiglnmemte, and liave ascertained that, had 
there been uatimilists iu those days to diflbrand dispute, the 
(question might as cci'tainly have been rnisod as now, wlicthcr 
the stone-boring shells made their way into the mosses which 
they inhabited by mecliaiiical means, or through the agency 
of some acidulous solvent. The corals, in their recent state, 
were of coui’se calcareous, and, in consequence, dissolvable by 
an acid ; and the flagstones which the borers usually selected 
also contain a good deal of calcareous earth ; but their pre- 
vailing material is so largely aluminous and quartzose, that 
it seems scarce likely that a mere solvent could have perfo- 
rated them. ^ 

I venture, in conclusion, two general remarks. First, the 
corals of the Oolitic system in Scotland, massive in size, and 
occurring in some localities in very considerable abundance, 
resemble in these respects no recent corals of the higher 
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^'he conils of the higher latitudes are, we find, 
eitlior diiniinitive or few. Groupes of large corals arc char 
racteristic ol the intertr^ical seas, or at least of seas of either 
hemisjiheri^ that bonier the tropics, I have seen an Isas- 
t!‘ea of Ifelmsdolo that measured about two feet and a half 
in length by about eighteen inches in breadth, and which, as 
1 have said, a strong man could scarce raise from the ground ; 
and arborescent masses of TluecomUa anntdaais have been 
found in the Coral Rag of England, that measured from a 
foot and arhalf to two feet in height. There occur no such 
corals now in seas which lie between the fiftieth and sixtieth 
degrees of latitude, whether to the south or north of the 
equator. And though I would not found much on one or 
two exceptional species, I do think that, seeing we would at 
once pi’onounce a similar gi'oup of i*ecent corals to be the 
pi*oduct of seas gi’catly warmer than our own, we might, I 
think, be permitteil to infer, — reasoning from what we know, 
— that the. Oolitic seas of what is now Scotland were of a 
higher temperature than our Scottish seas of the present day ; 
and that, in short, in the corals of the Scotch Oolite we have 
one of many eviilences that in this early period these north- 
i‘ni regions enjoyed a greatly more genial climate than they 
do now. I may add, how^ever, that in the same beds, mingled 
with fronds of cycas niid^zamia, and the stems of gigantic 
horactails, — all now the productions of a warm climate, and 
that seem to give evidence to the same fact as the corals, 
— there occur numerous fragments, and occasionally whole 
trunks, of fossil pines, that apparently testify, by their an- 
nual rings of small size, indicative of slow growth, to a cli- 
mate as ungenial and severe as that of Sweden or Norway. 
The evidence which they yield can, however, be scarce said to 
be of a C 9 nflicting character with that of the corals and the 
cycaditea If the Oolitic land was a lofty one, a very few 
miles might have served to separate a genial fi*om a seveie 
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climate ; and tlie pines might have been bi’onght down by 
rivers fi'om an elevated and blectk interior, as diilercnt in its 
tempeia^re and productions from the sea-coast^ os the pino- 
coTered^des of the Alps, where th^ rise towards the snow 
lin^ are different in Hieir temperature and productions from 
the rich vine-bearing valleys which they overlook. 

I remark, in the second place, that the occurrence in the 
Oolite of those boring shells of which 1 have laid specimens 
before the Society is not without interest, as in some mea- 
sure illustrative of that unity of plan on which the Creator 
has wrought in all the geologic periods, and which seiwes so 
strikingly to indicate the identity of the Worker. Those' 
four master ideas embodied in the animal kingdom whicli 
furnished Cuvier with his principles of classification, each 
forming the centre of a gi*eat <livlsi(>n, seem to have been 
equally the master ideas of all the getdtjgic creations. So 
far as we know, animal life existed at all times, when it ex- 
isted at all, in its four master types, and no more ; and thes<\ 
in the Oolitic ages, — ^life radiating round a centre, as in the 
l5«istrea, — life lodged ithin a scries of rings, as in the an- 
nelids and the cnistacea, — life combined with a duality of 
con*esponding parts, as in the cuttle-fishes and the clams, — 
and life associated with a brain and veii;e])ral column, as in 
fishes and reptiles, — ^werc not less prominently developed 
than now. Had a Cuvier then existed to write the history 
of animated nature, the, various classes would have occupied 
very different proportional spaces in his “ Animal Kingdom” 
from that occupied by those of the present time; but the 
master divisions, — ^vertebrata, mollusca, articidata, and radi- 
ata^ — ^would have been the same. For of all creations, I 
repeat, in the leading ^ea there has been no cliange. Two 
of these we find exemplified before us in single ^eciinens, 
— ^those in which the lithodomi lie sepultured in cavities hol- 
lowed in Isastrea ; and we are enabled to trace tins identity 
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of idea into yet minuter ramifications, when we thus find 
that, along these old Oolitic shores of Scotlanc^ as along the 
shores of our country in the present day, the rocks were in- 
habited by their hermit shells, — ^the Edomites of the mollus- 
cous world, as a modem naturalist poetically terms them, — 
that spent silent lives in excavating for themselves cells in 
the stone, in which they watched in patience for the food 
brought them by wavelet and current and which, like the 
cells of so many other anchorites and recluses, were ultimately 
to prove their sepulchres. The idea that stones and rocks 
should be thus inhabited is an idea old as eternity : it must 
have had being as an vdta ere the existence of rock, or coral, 
nr molluscou.s life ; for Ho from whom it emanated saw the 
end fiom the beginning, and makes no accessions to his fund 
of thought j and to be iicrmittcd thus to ti^ace it towards its 
source, and to detect it embodied in a creation whose last 
8urvi%dng organism perished mjrriads of ages ago, enables us 
in some degi*ee to conceive of the fact, and to conceive also 
of the fixed character, of that Master Existence, the Author 
of all, who said, in a long posterior age, when revealing Him- 
self to man, “ I am the Lord ; I change not,” 
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The following address w'as read by Mr IVriLLER, on his rc- 
wgaing the President’s Cluur of the Society : — 

Gentlemen, — It is customary for the retiring President, in 
taking leave of the chair, to a<ldres.s the in(‘inbei*s on some 
geneml subject connected w'ith the objects which (»iir Society 
has Ixien instituted to carry out ; and in coidt)ruiiiig to the 
practice, I shall take the liiierty of stating, as brielly as i)Os- 
sible, the results at which I have arrivcil, in receiitly armng- 
ing the specimens of a collection perhat>s more adequately 
repre.sentative of the Geology of Hcotland than any other that 
has yet been made. There are other eollectioiLS which, though 
more partial in their character, excel it in particular depart- 
ments ; but none which I have yet seen sweep so completely 
across the entire scale of our Scottish formations; and as 
such of its divisions as are most defective indicate, negatively 
at leasts by the blanks on their jjartially filled shelves, the 
deposits on which we have still to direct our energies, it iiv»y 
be well that your attention should be specially called to these, 
as fields in which work has still to be done, and in which the 
reward of fresh and interesting discovery awaits the patient 
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Jaliourer, 7 am not sure tliai we need warmly congratulate 
ourselves on the fact, — but certainly a fact it is, — that the 
geologic sortion of our Society is iu no danger of exhausting 
its work at home for a very considerable time to come. We 
have still much to do in acquainting ourselv&s with the ex- 
tinct productions of our country in those remote pre-Adamie 
periods of its liistory when it existed, now as a gi*oup of 
Pleistocene islands, — now as a land covered by the Oolitic 
forests, and washed by seas tenanted by the ammonite and 
the nautilus, — ^now, ere yet its existing mountains had arisen 
from the abysi^ as a series of dark plains and steaming mo- 
rasses, brown with the rank and dusky vegetation of the Car- 
lK)niferou8 period, — ^now as an extended sea-bottom, muddy 
or arenaceous, swum over by the strange ganoids of the Old 
Rid Sandstone, and with here and there a minute island, 
green with, so far as it is yet know’ii, the earliest ferns and 
the oldest trees, — and now as the bottom of a sea profounder 
still, — a sea without visible shore, inhabited by the minute 
bracliipods and unique crustaceans of the earlier Silurian 
ages. Tliat history of Scotland which, omitting the human 
period as too modem, stretches backw’ards from the recent 
shells of the old-coast line to the olenus and lingula beds of 
Giiwaii, and which is still unwritten*, save in the rocks, will 
give our younger membei’s work enough' thoroughly to de- 
cipher aud tmnscribe for perhaps a quarter of a century to 
conic. 

On fii*st setting myself, about fourteen years ago, to add 
to my collection a set of Silurian fossils, I had to content my- 
self with specimens derived chiefly frem England and Ame- 
rica, All the organisms detected at that time in the great 
Sjbirian deposits of Scotland, — though Sir James Hall had 
found shells in the Wrae Hill limestone nearly half a cen- 
tury previous, and Mr Charles Maclaron in the Silurians of 
the Pentlands at least six years previous, — ^would scarce have 
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lialf'fillcd a ^ingle sliclt Now, liowewr, ouv i*lil ob iliialo 
Graiiwackcs are yicUliug their or^inisnis, — I)iuiilrit*s, (ial 
loway, and Peohle-shiiv their gmpti»lites, niul (iirvaii ah<l it^ 
neighbourhood its trilohites and iUslu'lIs. TIk' si lores ot the 
{Solway near Kirkcudbright are iuriiishing, though still in- 
adequately, their* lussils of the Upp^i* Silurian ; and it senn^ 
not improbable that tlie Gin’ll!! locality may be yet found to 
tumish chanicteristic sj>tx*imens of all the various dciH>sits of 
the Lmer Siluiian, from those emphatically ancient beds be* 
neath which only a single organism has yet been detected, up 
to those superior deposits of the Lower division in wliich the 
Dudley Trilobite (paly mem Blumenhachii) occurs, and whicli 
Sir Roderick Murchison regai*ds as occupying the same, or 
nearly the same, horizon as the Upper Caradoc. I am iu- 
foriue<l by our acconiplislied brother inemlxT, Professor Wy- 
ville Tliomson, that iu u recent visit to Girvan, he found, in 
an ancient Conglomemte to the south of the town, speciincuh 
of a small lingula and oleniH, identical, so far as he could 
judge from their state of keeping, with tlic fossils of un- 
questionably the same gencni which mark, in thti sister king- 
dom, tlie primeval zone of life. It would be*, iiiteivsting to 
lind in our own country, as has already been fuiiml in N<»rth 
America, England, and Scandinavia, n base line, — representa- 
tive axqiarently of the carlica>l age of organized being, — from 
whence to commence the geologic liistoiy of what our fathers 
used to teiTD, without quite knowing all tliat was implied iu 
the epithet, old Scotland. But whether tliis base line of the 
oldest fossiliferous system be found in our country or no, the 
system itself, especially as developed within the ^utheru and 
western districts, must be held to possess a peculiar interest^ 
from the circumstance that, though some of its more curious 
fossils have not yet been found in the am^ily developed and 
well-sought Silurians of England, they occur in those of Bo- 
hemia on the one hand, and of Canada West and the United 
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Stilt OS on tli*^ otiior. They thus furin in the general history 
of t]i(‘ globe ii conneeting link between deposits considerably 
more than fuiir tliiiUhaiid miles apart I may add that, dur- 
ing the last few yeara, I have been able to place in my little 
museum, b* side its »Siliiriau fossils of America and England, 
a not less urnfdc collection of the Silurian fossils of our own 
country, which, though still inadequate, contains several rare 
organisms, with which, so far as is yet known, the English 
deposits could not liave supplied me. Still, however, much 
remains to be done in this curious field. I was shown only 
a few weeks ago, by a gentleman from the neighbourhood of 
Lesmahagow, a fossil crustacean, derived, he said, from the 
Grauwacko of that neighbourhood, which, so as I could 
judge, in its rather indifferent state of preservation, is new 
to Scotland, aud which very considerably resembles that Hy- 
mcnocaris of North Wales which Sir Roderick describes in 
his “ Siluria*' as a true primoi’dial fossU. And where the crus- 
tacean occurs, it is more than probable that other oiganisms 
will yet be found. 

The Lower Old Red Sandstone of Scotland has been more 
thoroughly WTOUght out than perhaps any of the other for- 
inatioas of the country, and it occupies, in consequence, a 
larger space in my collection. I have not yet found fossils in 
the Great Conglomerate, wdiich forms its base ; nor perhaps 
could organisms, save of the most robust structure, be ex- 
pected in a rock fonned of great water-rolled pebbles, which, 
ere they could have assumed thcii’ present roundeil forms, 
must have been tossed by the storms of ages. In the pebbles 
themselves, hovrever, we have curious glimpses afforded us 
of the old metamorphic rocks of Scotland ; which were, we 
fijljJ, considerably different in the group from the rocks of 
similar origin that in the present age of the world compose 
our great Highland nucleus. The schistose gneisses, now 
tlie prevailing metamorphic rocks of the kingdom, — ^for they 
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occupy nearly ten tLousond square miles of its wcea , — were 
then but feebly developed, compared with its many-coloured 
porphyries, its granites, and its quartz-rocks. lu the Forfai*- 
shire Conglomerate, the profiling rocks are haixl poqdiyrios, 
of an infinite variety of hue, and iuJUtinguisliable in their 
composition fix)m tlie porphyries of Ben Nevis and G1cuc<k' ; 
in the Conglomerate of Ci'omarty and Ross, a decaying giii- 
nite, red like that of Pet(*rhoad, but ns finely giained as that 
of Aberdeen, blent with red cpiartz-rock and red gi'anitic 
gneiss, is the prevailing stone ; in that of Orkney, as exhibited 
in the neighbourhood of Sti-oinness, the prevailing rock is 
also a red granite, somewhat larger in its grain, and inoj*e 
durable, than the Cromarty one. The stone which composes 
many of these inclosed pehhJes can no . longer be found i/i 
situ; and a good representative collection of at least the 
classes of rocks which they exemplify would serve to show 
the nature of the framework of that ancient unknown land 
to whose existence the Great Coiiglonierato bears evidence j 
and which — as over many thousand square miles the pebbles 
jiresent the worn and rolled character — must have been ex- 
posed, zone after zone, during a protracted period of gradual 
depression, to the incessant wear of the oceaiL The Conglo- 
merate seems to have been exposed in an after period to in- 
tense heat We find many of its hardest pebbles bent and 
indented, as if they had been reduced to the consistency of 
dough, or distorted by miniature faults, which scored tlieir 
lines of fracture with the ordinaiy dicken-sided markings, 
when they were in a state viscid enough to re-unito. The 
lact would liave been deemed a very great oi!8 during the 
heat of the controversy waged in this city between the anta- 
gonist schools of Hutton and Werner j but it is not lesa in- 
teresting new, when it can be looked at more quietly ; and 
so I have given to a series of the pebbles which illustrate it 
a place in my collection. 
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'Above the upper beds of the Great Con^omerate, at dis- 
tances varying txx>m forty to a hundred and sixty feet^ the 
fislies of the Lower Old Red Sandstone appear,— curious, as 
the most ancient ganoids known to the geologist^ and fur- 
ther, from the circumstance that, while the still older placoids 
of the Upper Silurian system exist merely as detached teeth, 
spines, and shagi-efn points, these Old Red fishes exhibit in 
the better specimens the entire outline of the original ani- 
mals, with not a few of their anatomical peculiarities. It is 
from this fomiation that our knowledge of the oldest skulls, 
of the oldest veiicbral columns, and of the oldest pelvic and 
thoracic arches, anywhere preserved, is to be derived. With 
the fish we sometimes find associated, though not often, speci- 
mens illustmtivo of \^hat seems to be our most ancient ter- 
restrial Floin, — club-mosses, — ^reod-like casts and impressions, 
streaked longitudinally, like the interior of the calamite^ but 
apparently without joints, — ^Avhat appear to be ferns, — and, 
in at least one unique specimen, a true wood of the arauca- 
l ian family, — ^the oldest which has yet presented its structiu'e 
to the microscope. In some localities, such as Cromarty, 
Thurso, and perhaps Moray, the various ichthyic species of 
tlie formation seem to have been pretty nearly ascertained 
and collected : for several years I have not succeeded in dis- 
interring from the several Cromarty deposits a single new 
species ; and my friend Mr Dick, though permanently resi- 
dent on the spot> has had a similar experience at Tliuim 
S])ecics of the rarer kinds may, however, long elude very as- 
siduous search, and yet turn up at last ; and in the course 
of the present twelvemonth I have received from a tract of 
shore near Cromarty, which I have walked over many hun- 
dred Jtunes, an ichthyic species, — -the Diplacanthm emsaispi- 
mts , — of which my collection had possessed no previous speci- 
men. I owe it to the kindness of IViiss Catherine Allardyce, 
— a lady who, to a minute knowledge of not a few other 
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branobes of natural science adds an intimato acquaintance 
with the fossils of our northern formations^ and whose diill 
in xoophytology the late lamented Dr Landsborough has ac- 
knowledged in his interesting “History of British Zoophytes.” 
Further, it is worthy of remark thaS^ just as the naturalist 
cannot now acquaint liimself with all the animals or plants 
of Scotland it! any single locality, so all the fossil sjiecics cd 
any one fonnation cannot be exhauste<l in any one limited 
field or district^ but must l>c sought for in variou.s districts 
ere the list can be regarded as tolenibly complete. The old 
Devonian species of fishes, like those of the pi*esent day, seem 
to have had their favourite haunts and feeding or si>awning 
grounds, and must now be sought for where they congi'cgiiteil 
of old The Diplacanihita sir talus, for instance, is one of tin* 
commonest of the Cromarty Old Red fishes, and the J)i^)terits 
and Asterolepis very rare ; whereas at Thurso, Mr Dick, aflev 
years of exploration, never found a single spine of Diplacaur 
thus, but not a few noble .specimens of Asterofepis, and finely- 
preserved skulls and jaws of Dipterus, And in a neighbour- 
ing locality, Banni.skirk, Dipterus is the prevailing fish, and 
may be found by scores. Again, the Old Red of Caithness 
generally is poor in specimens of Fterichthys, — the rocks of 
Thurso have not yet furnished a single specimen ; whereas 
in those of Moray the genus is not rare ; and in a quarry a 
few miles to the north-ea.st of Stromness it is more abundant 
than any of its contemporaries. I mention these facts to 
show how necessary it is to the Palaeontologist who sets him- 
self to exhaust the organisms of a formation within even a 
single country, that he should either be a ftdulous traveller, 
or have a widely-located circle of friends engaged with him 
as fellow-labourers in the work. ^ 

No”ichthyic species of this Lower fonUation of the Old 
Red Sandstone has yet been detected in Scotland to the soiith 
of the Grampians In the great belt of Old Red which tra- 
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▼enes the bland diagonallyi from the ooaeta of Kinoafdhie 
and For&rshiro on the eaat^ to those of Benfrew and Ayr on 
the west^ the fossils— -restricted very much to 'the gray sand- 
stones of the deposit— are of an entirely different group. 
Herc^ as in the immensely developed Comstones of England, 
the prevailing and most characteristic organism is the Cepha^ 
I<i9pi9 ; which has now been found in Forfiir and Kincardine 
shires by Sir Charles Lyell, Mr Webster, and others ; in 
Stirlingsliire by our ingenious brother member Mr Alexander 
Bryson ; and in Ayr by the late Dr Brown of Longfine ; — 
all the specimens, however, in the same gray beds of mica- 
ccous sandstone represented by wliat is known as the Ar- 
broath pavement^ which, like the red deposits that lie over 
anti under them, run from side to side of the kingdom. 

* While the fossils of the Lower Old Red Sandstone are more 
adequately represented in my collection than those of any 
other Scottish formation, the fossils of this Middle Old Red 
arc almost the least adequately rein’esented. And in this 
respect it resembles every other collection yet made, except 
that of Mr Webster, now, I understand, in the possession of 
Lord Kinnaird. There is perhaps no Scottish formation in 
which the Palaeontologist has still so much to do as in this 
Middle Old Red Sandstona Our respected President Dr 
Fleming called attention, a full quarter of a century ago, to 
sqme of its plants, and again took up the subject no farther 
back than last year, in an interesting paper read before our 
Society ; and Agassiz has figured and described some of its 
fishes, and, more partially and incidentally, at least one of 
its crustaceana But much still remains to be done. From 
what I have seen of Mr Webster’s collection, I should infer 
that Materials have been alrejpdy accumulated sufficient for 
the restoration of its great crustacean, — one of the most gi- 
gantic of its family, whether recent or extinct ; and as the 
Den of Balruddeiy has furnished of itself nearly a hundred 
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specimens of Cephala&pis (still a comparatively mre iclitliyo- 
lite elsewhere), most of which are now in the hands of Loi\l 
ICinuaii'd, it would be well that some ichthyologist had ac- 
cess to the collection, in order to determine whether in Scot- 
land, as in England, we have more than one species of this 
singular genus. Dr Fleming found in this Middle Old Red 
formation an apparent fem, with kidney-shaped leaflets ; and 
it yielded several yeai*s ago, near Clockbriggs, in Forfarshire, 
a large specimen of Lepidodendro7i, which exhibits the inter- 
nal structure. I owe a fragment of this fossil to an intelli- 
gent geologist^ Mr William Miller, banker, Dundee ; biit so 
imperfect is its state of preservation, that, though itT;)rcsents 
to the microscope the large irregularly-polygonal cells of its 
genus, it bears none of the nicer specific marks which might 
serve to distinguish it from the several gicatly more modem 
species which occur in the Coal Measures. 

Above this Middle formation lies the Upper Old Red 
Sandstone, with its peculiar group of organisms, chiefly fishes. 
And of it, too, much remains to be known. Save that it 
has not yet produced a Coccosteus, — a genus which seems re- 
stricted to the oldest ichthyic group of the system, — its fishes 
more resemble those of the Lower than of the Middle Old 
Red. It has its three species of PterichihySy its DlplopteriLSy 
and apparently its Dipterua ; and its Celacantlis, chiefly of 
the Hoioptychiaii genus, represent not inadequately the Cela- 
canths of the genera Aalerolepia and Glyptolepisj which occur 
chiefly, though not exclusively, in the Lower formation. The 
two formations appear, however, to have no apedea in com- 
mon. In looking over the fine collection of**Mr Patrick 
Duff, derived chiefly from the Scat Craig, in the neighbour- 
hood of Elgin, I found only a single ill-p’*eservcd gilf=cfover, 
— seemingly that of a Dipterua, — ^which I could not at once 
determine to be specifically dififerent from aught produced by 
the inferior deposit « Rocks of this Upper fonnation have 
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not yet been detected in Scotland to the north of the Moray 
Frith ; and its richest British deposits are to bo found in 
Moray, Perthshire, Fife, Ber^ckshire, and Ayr. In the 
collection of fishes from Dum Den, exhibited four years ago 
before the British Association, then assembled at Edinburgh, 
I saw several Colacanth# that have not yet been described ; 
and a good deal has still to be done in fixing and restricting 
some of the genera of the formation already named and 
figured. It will be found, for instance, that Agassiz’s genus 
Placothorax^ and his two species Coccoateus maximua and 
Pterichthya major^ will ultimately all resolve themselves into 
the latter species alone, — PterieJithya major ; — of which, by 
the wa/, vast numbers have recently been found, though in 
a broken state, in the Upper Old Red Sandstone of the 
*' Heads of Ayr.” We may of course expect, however, to 
sec more species and genera added to the group than sub- 
tracted from it, I must mention, ere concluding this part 
of my subject, a curious fact connected with the flora of the 
formation. When visiting last spring the Museum of Eco- 
nomic Geology in Jcmiyn Street^ under the friendly guidance 
of the late Professor Edward Forbes, he pointed out to me 
an interesting group of plants, in a fine state of keeping, 
which had been derived from the Old Red Sandstone of Ire- 
land. The genera seemed identical with those of the Coal 
Measures, but all the species were different. I marked, 
among the others, an elegant Cycloptenis, — Cyclopterus Hi* 
hernicas^ — of which Sir Roderick Murchison figures a single 
pinna in his recently published “ Siluria.” The Professor 
also introduced mo to the only ichthyic organism that had 
been found in the Irish deposit, with the plants, a ganoidal 
fish, apparently a Celacanth, and very much of the type of 
those o*f the Upper formatiofl, though I failed to identify the 
species with any of those already known. Professor Forbes, 
in return, visited my collection here only a few weeks ago ; 
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and in a fern of tliis Upper deposit, laid open by our inge- 
nious member, Mr Jolm in IVesix>nliaug^ quaity 

near Bnnse^ be recognised fiSs Irish Cyclopteros. As Mr 
Stewart found the Scotch specimen associated with plates of 
Pterichth^s major and scales of Hdo/ptyehhio NMltmmus^ — 
two of the most characteristic ichthj^olites of the Upper for- 
mation, — there can be no hesitation in assigning to it its 
place in the scale ; and, of course, its position as an Upper 
Old Red fossil in Scotland may be held to determine that of 
ihe interesting group to which it is foimd to belong on the 
Irish side of the OhanneL 

With respect to the true place of that deposit of pale 
quartzose sandstone which overlies the Upi>ei* Old^ed in 
Moray, and has become famous in geology for its reptilian 
’ foot-tracks, its unique /^'iagonoleph^ and its well-marked cu- 
rious little reptile the Tdtrpeton Efijincusc^ wo txva not yet 
provided with any determining evidence. No sptKiies com- 
mon to the Ui)per Old Red and this rock has yet been dis- 
covered in either deposit. Mr Patrick Duff, to whose la- 
lx)urs we owe both the Stagonohpis and the Telerpetmi^ is in 
posse.ssion (with the exception of the reptilian footprints de- 
tected by Captain Brickendon) of all the few fossils found 
in the superior rock, and of a very ample collection of those 
of the underlying one ; but I have seen nothing in the two 
sets in the least resembling each other. The late Dr Man- 
tell supposed, indeed, he had traced a considerable resem- 
blance between the scales of Sta^onolepis and those of a ga- 
noid of Dura Den, — ^the Glyptopomus, They bear, however, 
a much closer resemblance to the scales of the Mystnjpoaurua 
Mumstere^ a reptile of the Lias of Munich, of which I exhi- 
bited a good print to this Society about three years ago, the 
use of which I owed to the kiddness of Sir Charles LyelL 
When visiting a quarry in this northern deposit several years 
since, I was informed by the workmen that they frequently 
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came upon fooUracks like those found by Captain Bricken* 
dosu The only other remains of the deposit is that of the 
reptile Tderp0lcn; and when we take into account the &ct 
that in this northern locality outliers of the and Oolite 
are not unfrequently found resting conformably on the Old 
Red Sandstone, and that the vertebrate organisms of these 
deposits are prcponderatingly reptilian, it seems at least as 
probable that it belongs to that Secondaiy period of the 
world’s history during which reptiles were abundant^ as to 
that middle Palaeozoic period during which, though fishes 
were largely developed, reptiles were exceedingly rare. But 
the final deteiininatiou of the point must be regarded as 
awaitidb the researches of the future. 

The Carboniferous de|X).sits in Scotland liave, from their 
(economic impoi*t4incc, been longer wrought than those of any 
of its other systems, and yet all their fossils, animal and ve- 
getable, are still far from being adequately known. During 
the last few yeai-s I have found the remains of both plants 
and animals in Carboniferous deposits, not many miles re- 
moved from our Scottish capital, that have still to be figured 
and named ; and much remains to be done in the work of 
restoring from suites of specimens organisms of the system, 
both vegetable and animal, already known in part It is 
only within the last two or three years that trace of reptiles 
has been detected in our Scotch Coal Measures. The Pre^ 
hatrachus colei of Owen has been found in the coal-field near 
Carluke ; and the footprints of a much larger reptile detect- 
ed in our Dalkeith coal-field by Mr Henry Cadell, the expe- 
rienced and intelligent mineral surveyor of his Grace the 
Duke of*Succleuch. I refer to these interesting focts to in- 
dicate the direction in which there is encoumgement to press 
our researches. We have* hitherto had little experience in 
Scotland of Uiat style of exhaustive ^reseai'ch of which the 
Falseontographical Society of England is presenting us with 
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SO admirable an example. Curiously enoiigli, howc^or, old 
David XJi*e, one of our earliest collectora of tho cai l)onit’e- 
rous fossils, gave, in his “Natural History of Eutherglcii,'* pub- 
lished more than sixty yeara ago, an example of this exlmiist- 
ive style, perhaps as complete as was possible at the time. 
He seems to have figured, and, after a sort, doscnbcd, every 
fossil of both the Coal and tlie Mountain Limestone, which 
he succeeded in disinterring during in an age in which 
there were few to sympathize in his laboursi must have been 
a very sedulous course of research. The magnificent sections 
of our neighbourhood give peculiar facilities in exploring the 
Coal Measures and their contents, — ^facilities which geolo- 
gists who have resided for a season amid the soil-covered 
flats of central England would well know how to appreciate. 
There are few flner sections of the Coal deposits anvwhei*e 
in Biitain than those laid open along the shores of Granton, 
Musselburgh, and Prestonpans ; and the section of the Moiin- 
‘ tain Limestone exposed in the ravine at Drydtui is, so far as 
I have yet seen, tlie most extensive in Scotland. By those 
who hold, as is done by some of the g<?ologi.sts of our west- 
ern capital, that this formation is wanting as a base to the 
Scottish Coal-field, a visit to this section might be found 
very instructive. It does not exhibit that gi*eat thickness 
of limestone for which tho corresponding formation in Eng- 
land is so remarkable, but presents, for several hundred feet 
together, in its encrinal bands, intercalated amid shales and 
sandstone, evidence of a marine origin ; and its upper calca- 
reous beds, laden with spirifers and producta, and of very 
• considerable thickness, show that a tolcrab|jt profound sea 
must have covered the field shortly ere tho formation of our 
older beds of workable coaL 

My collection contains no specimens of the New Red Sand- 
stone of Scotland, — ^the scene of those discoveries of the late 
Dr Duncan of Ruthwell &om which that division of geo- 
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lo;;ic Rciori« o known as Icluiology took its rise. Nor are at 
Iciist spAs *4’ its specimens to bo found in any of the Scotch 
museums £ liave yet seen ; d)ut as Sir William Jardine is 
understood to be still engaged in figuring and describing its 
varioiw footprints, — the only traces of former existence which 
it has been found to contain, — ^we bid fair to be acquainted, 
at no distant date, with all that it produces. It could be 
wished, however, that we had the result of Sir 'Willjsm'B 
labours conveyed to us in that cheap but yet adequate form 
of outline engraving in which Professor Hitchcock has figured 
the foot-tracks, reptilian or ornithologic, of the New Bed 
Sandstones of Connecticut. 

In the Lias and Oolite of Scotland a good deal still I'e- 
mains to bo accomplished Some of their richest deposits 
lie scattered among the inner Hebrides, and along lochs and 
creciks of the Western Highlands, rarely visited by the tourist, 
and far from inns ; and this difficulty of access has served to 
lock up ill these solitudes many a curious fossil, tliat may be * 
regarded as held in safe keeping, to reward the enterprise of 
our younger geologists. My collection contains not a few 
curious specimens, derived from these Hebridean recesses 
during a desultory voyage iii the Free Church yacht Betsey, 
made about ten years ago, — ^reptilian remains, fossil wood, 
and the teeth of placoidal fishes from the Oolite of Eigg, and 
pinnae, ammonites, and massive corals from the Lias of Pabba 
and Skye. It may servo to show that we are no more to 
argue an entire identity of the Oolitic deposits of Scotland 
with those of England, than of its Silurian with the Silurians 
of that country, — ^that corals, which are of exceeding rarity 
and minute size in the English lias, form entire beds of great 
extent and several feet in thickness in the Lias of Skye, I 
can, however, only indicate the locale of some of the deposits 
in which these rarities may be found, — simply referring, in 
the passings to the localities already indicated by Sir Boderick 
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Murchison in his cai'lier papoi*s, — such as the Oolites in tin* 
neighbourhood of Portree, the Oolitic beds of Pa/Ji, and the 
liasic struta of Applecross ; as also to tlie curious fn^sh-v aler 
or estuaiy deposit of Loch Stallln described in the “ ecolo- 
gical Joumur* for ISo I, by the late Professor hkl wal'd Forbes. 
There is a patch of Lhis on the shores of Loch Aline, exceed- 
ingly rich in some of the characteristic oi'ganisms of the for- 
mation, which I would fain have examined with some cai'c, 
but wanted the necessary opportunity. From deposits par- 
tially overflown by the Trap of Mull, and which crop out 



mens that bear in the group an Oolitic aspect ; and in spend- 
ing a few hours in the island of Pabbo, when the yacht, my 
home for the time, w^as cniising in the offing, I found in it 
such promise of a rich fossil harvest, that when a young 
friend, — Mr Archibald Geikie, — ^recpicsted me last year to 
point out to him some one or two centres fi-om which I 
thought he might best acquaint himself w ith our Scottish 
Lias of the western coast, I ventured to rocoinincnd the latter 
island, and the .southern portion of the neighbouring Biiy of 
Broadford, as tw'o of the most promising. Mr Geikie, — in 
whom our Society may, I trust, recognise a future member, 
— found his w^ay to Pabba, — introduced himself to the sole 
family resident on the island, — ^slept, I believe, in a bam, — 
lived on potatoes and milk, — ^and brought away with him an 
interesting suite of fossils. And after this manner must the 
Hebrides and the Western Highlands be explored. The 
Oolitic beds of the eastern coast arc considerably more ac- 
cessible than those of the west. The Lias c^Eathic, near 
Cromarty, is one of the richest deposits in animal remains 
which I have anywhere seen; and it has yielded several 
unique fossils, — ^such as tlie broad-spiked leaflets of Tome 
ancient tree attached to a stent of a twelvemonth’s growth, 
that vields to the microscope, in a prepared section, the coni- 
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forciUH cones of unique structure, — a well-marked 

frond of Z;»iuiii of an undcscribed specicH, — ^numerous am- 
inonitrs in ji fine state of preservation, — and one of the com- 
pletest wts of Liasic Ijclemuites yet collected. Wliat has 
been deenn'd coiTesponding deposits, whicli, however, I am 
ilispostMl to refer to a higher horizon, occur in the neighbour- 
hood of the mirthcrn Sutor ; and near the I>a8e of one of these, 
at Caanric, there is a seam of coal or lignite veiy much re- 
sembling that of Brora, and flanked by a bed of fresh-water 
shells and Pema, — ^the last identical in species, so ^ as I 
have been able to determine the point, with that of the Pema 
bed described by the late Mr Bobertson of Woodside as flank- 
ing the Brora seam. Above the coal there occurs a rubbly 
stratum, also like one at Brora, charged with vast numbers 
of the Bdemnite sulcaJttLS ; and in an upper stratum I found 
a well-marked specimen of Amnwnites perarnuUm ; likewise 
a species of the Brora coal-field. In short, I am disposed to 
liold, — ^both from the identity of many of its fossils, and its 
general appearance, — that this supposed Liasic deposit is in 
reality an Oolitic one, and that its coal occupies a horizon not 
much removed from that of the coal at Brora. I may here 
mention, that the Lias of Eatliie was the scene, only two 
years ago, of a disastrous coal-boring speculation, on which 
much good monfey was expended. The unlucky rpeculator, 
— an industrious and respectable man, whom I would fain 
have dissuaded from an undertaking so hopeless, but who, as 
he had no faith in geology, simply thanked me for my ad- 
vice, and wron^t on, — dug a wide pit in the Liasic shales, 
to the depth of more than a hundred feet, and found in abun- 
dance ammonites and belemnitcs, with a few well-preserved 
vertebral joints of Ichthyosaurus, and unfortunately here and 
there fragments of cone-beaiing ti-ees, with their trunks con- 
verted into jet, but, of coiu'se, no coal The hole was made 
large and deep enough to prove the scpulclire of several hun- 
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dred pounds ; but I console myself by reflecting that t!i<' in- 
evitable expense of the excavating opeintions wjis iiu urred 
in defiance of all that I could say; and 1 would now urge 
oil iny friends the anti-go*)h»gists, that thiw sliould imuii 
mther attempt making shillings by hH'turing against the 
science, than run the risk of losing the sliilUngs already made 
by becoming miners in its desjnte. 

The Oolite of Sutherland, — famous for containing the only 
seam of coal in this formation, at least in Britain, winch could 
have been wrought for yeiu-s without much jiositive loss, — 
was elaborately described many years ago by Sir Roderick 
Murdiison, in a memoir that gave rich earnest of his after 
contributions to geologic science. It is impossible, however, 
to exhaust a gi^eat formation otherwise than slowly ; and not 
a few fossils have been added of late years to the list appendixl 
to Sir Roderick’s memoir. It ixS from tlic vegetable organ- 
isms of this deposit tliat we can now fonn our most adequate 
conceptions of the Oolitic Flom of Bcollancl As in England 
and America, it had its numerous cyaulaccje, — its ferns of 
simple undivided frond, unique in their venation, but resem- 
bling in their foims the hari’s-toiiguc genus (Scolopendm)^ 
its thuyites, its pines ; and, though they occupied a scarce 
appreciable space in the gi’oup, its dicotyledonous plants. 
When, after glancing over some of the vegetable productions 
of the system, such as its cycadaccie, now restricted to the 
' warmer climates, or over its massive corals, vvliich attained to 
a size seldom rivalled in the present state of things, save in 
the intertropical seas, I have then examined some of its woods 
externally gnarled, and stunted, and marked^ntcmally by 
minute annual rings, as small as those of a Scotch fir or Nor- 
wegian pine that had grown on some exposed liill-s^e, it 
has occurred to me that some of the Oolitic districts in wliat 
is now Scotland must have had their lofty mountain ranges, 
which, while a genial climate prevailed at their bases, rose, 
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iiia Jiap, to Doarly tlift snow-line, and Wc on their bleak 
tin* - tnntt ^l slow-gi-owing trees. The framework of 
this jineient lainl was con)j»osod — as wc leam from its con- 
s, ;in<l in .‘oine instances from the fragments of rock 
still locked liist amid the roots of its trees— cjf Old Red flac- 
sloiuvH, identical with tliosc of Caithness, and evidently bear- 
ing at tlie t ime marks of jis high an antiquity as they do now. 
[Many of tlicfi* flagstone masses, sorely water-rolled, occur in 
an Oolitic ]iast(* ; and we find in strange ncighlxmrhoods 
slndl.H of the Oolite inclosed in the j»asb*, and fashes of the 
Old Red in the pebbles which it envelopes. I have found a 
pebble which bore inside an Old Red OsteotepU encrusted with 
an Oolitic Tlunmnaslrea ; and another pebble occupied by an 
Old Red fucoid that was partially perforated by an Oolitic 
litliodomus shell It is surely not uninteresting thus to catch, 
as it were, glimpses, through the high antiquity of a Secondary 
age, of a Piila*ozoic age vast!y more ancient still, — to see long 
withdrawing vistas oi)cning, thiougli the remote times of the 
Oolite, into the incalculably more remote times of the Lower 
Old Red Sandstone, 

Those outliera of the Weald, or rather of a fresh-water or 
estuaiy Oolite, which occio* iii*Idorayshire, are adequately I'e- 
pvesented in only a few local collections, — the completest set 
of these fossils which I have yet seen being that in the pos- 
session of !Mr Patrick Duff of Elgin, who, living in the iin- 
mcdlaio ncighbouvliood of the rich deposits at Liiiksfiold, and 
animated by an o^'er fresh zeal for the interests of natural 
science, has been concentrating his exertions for years on these 
detached dexiosits, and on the not less rich formations of the 
Old Red Sandstone on which ihey rest. Their organisms, — 
constituting a link in the geologic history of Scotland which 
no other locality lias yet supplied, — consist of the dorsal spines 
of a new species of IJybodm^ — ^the teeth of an Acrodus and 
Spenmcimsy — ^the scales, and, at least in one instance, an en- 
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8pe<niii69i9 of & h&fUdoiuSy which Aijassiz has ideutified as 
the Lefidoim minor of the English Weald,— bones and teeth 
oi FUrioMwmSj a well-marked cheloniaii femur,— shells, both 
marine and fiesh-water, such as Unio Planorbis Palndiiwy^ 
what seem to be an Astarle and a small Osfiw,— and whole 
strata formed of a minute Cyprus, There are RpjHjaraiices 
connected with the Linksfiold dej)Osit that date from a com- 
paratively recent period, which aro at least as extraordinary 
as aught that the beds themselves contain They form there 
a small hUl, about from forty to fifty feet in height, and seve- 
ral hundred feet in extent either way ; while beneath lies ii 
thick deposit of the Old Eed cornstones, wrought in this lo- 
cality for lime. Interposed, however, between this hill of 
the Weald and the cidcaveous cornstones, there is a bed of the 
ordinary boulder clay of the district, charged not only with 
fragments of the rock oi> which it lies, but also of the w^ell- 
marked Wealden strata which overlie it ; and, more curious 
still, the cornstone*l)ears on its surface, so far as the quaiTici*s 
have yet penetrated, the ordinary glacial markings chanicter- 
istic of the boulder chiy. It would seem as if during the 
glacial period this hill had been so slufted or raised from its 
foundations, that the agent, tvrhatever its nature, which dur- 
ing the icebergal period dressed and gi’oovcd the rock-surfaces 
of the country, was enabled to dress and groove the cornstone 
on which the hill now rests. The appearances, — suggestive 

* of the operations of some incalculably enormous force, — are 
suited to remind one of that sublime simile employed by Mil- 
ton, in describing the effect of the stroke under which the 
rebel angel reeled and fell : — 

• 

** Ab if on eartb 

Winds underground, or waters forcing way • 

Sidelong, had pushed a mountain from his seat, 

Half-sunk, with all its pines.’’ 

With these detached outliers we take leave in Scotland of 
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the Secondary formations, in their character as original de- 
posit, whose strata still occur in the order in which they 
were first laid down. We find, however, in and Aber- 
deenslnres, and more partially in Caithness^ remains of the 
Cretaceous system, occurring in some localities in the charac* 
ter of re-formations. A deposit at Moreseat, near Cniden, 
elaborately described by Mr William Ferguson, late of Glas- 
gow, seems to be almost exclusively a re>formation of the 
Gn^ensand ; and on the Hill of Dudwick, near Ellon, there 
are vast accniiiulatioiis of flints, in which the Rev. Mr Long- 
rauir of Aberdeen, who hjus carefully explored the locality, 
detected many of the charactcnstic Ci-etaceous fossils furnish- 
etl by the chalk of Enghmd. I have examined beds of gi-avcl 
a few miles to the south of Peterhead, in which there ocem-s 
merely a per centago, though a not inconsiderable one, of these 
chalk fiiuts j but 1 liave been infonned by our ingenious cor- 
responding member, Mr Peach, with whom I saw several of 
the Cretaceous organisms of the locality, that, had 1 set my- 
self to examine in a <Ufferent direction, more to the north and 
west, I would have found thick gravel beds composed of chalk 
Hints almost exclusively. The best collections yet made of 
the organisms of this denuded system, of which only the 
broken fragments survive, aro those of Mr Longmuir, repre- 
sentative of the Scottish Chalk, and of Mr Ferguson, repre- 
sentative of the Scottish Greensand. Both are inadequately 
represented in my collection ; and what it possesses I ow’e 
chiefly to the kindness of Mr Longmuir, and to that of Mr 
Dick, the original discoverer of the Chalk in Caithness, where 
it occurs, however, merely in detached fragments in tbeboulder 
clay. Much need not be expected from the organic remains 
of a deposit so broken and scattered. I have seen in its flints, 
however, finer and more delicately preserved specimens of a 
Flustra, that not a little resembles our existing Flustra fo^ 
liacea^ than any 1 have yet succeeded in detecting iu those 
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of England ; and tlie group, however fragmentaiy and incom- 
plete, must he regarded as possessing a certain interest of its 
own, in its character as a portion of the fossil records of a 
country whose later geologic history, like her civil one both 
late and early, is meagre in its authentic materials, and, in 
consequence, unsatisfactory in its details 

With but one baiting place, — ^that furnished by his Grace 
the Duke of Arg}de’s discovery of Miocene leaf-beds in the 
Island of Mull, — ^wo have to stride, in Scotland, wholly 
across the Tertiaiy divisions, and find our first footing on the 
deposits of the Pleistocene. I have not yet seen the leaf-beds 
represented in any collection, save the great British one in 
Jermyn Street They must, however, be regarded as pos- 
sessing peculiarly a Scotch interest, not merely from the 
glimpse which they yield us of those old dicotyledonous forests 
of our country which succeeded, after the lapse of unreckon- 
ed ages, the coniferous forests of the Oolite, but also from the 
circumstance of their iiTefragably demonstrating that, up till 
a comparatively late period, Scotland had its great outbui'sts 
of Trap. A thick bed of inidely columnar basalt overlies 
the most modem of these beds ; and deposits of trap tuff, 
in which his Grace detected rolled chalk flints, overlie the 
older ones ; thus showing, that long after the times of the 
Chalk, and when trees allied to the yew, the plane, and the 
buckthorn, grew in our forests, those deluges of molten mat- 
ter from the abyss which had obtained throughout the earlier 
geologic ages, had not yet ceased, but were, on the contrary, 
potent enough to overspread wide areas to the depth of from 
twenty to forty feet From these times of fire we at once 
pass, in this northern part of the island, to a period of ice, — 
to the ages represented by grooved and polished surfaces, tra- 
velled rocks, boreal shells, and the boulder clay. Though 
geologically the period was one, it yields, I am disposed to 
think, evidence of three distinct succesdve stages. 
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The boreal shells of Banffshire (which occur at Gamrie in 
a finely stratified sand, two hundred and thirty feet over the 
sea, and at Castleton King-Edward in a similar deposit of 
very considerable elevation, and at least six miles inland)^ lie 
deep, — ^though exposed laterally in sections, — in the Pleisto- 
cene deposit. At Castleton I found the shells within a few 
feet of the underlying Grauwacke rock, and an immense de- 
posit of beds of sand and clay, and over all a thick bed of 
partially consolidated ferruginous gravel lying above them. 
At Gamrie, though, from the great slope of the ground, the 
fact is less certain, they also seem to lie low ; and further, ‘both 
from their littoral aspect, and the circumstance that we find 
no trace of a littoml terrace where they occur, I cannot avoid 
the conclusion that they mark the line where a shore of the 
country existed for a time, when the country was in a state 
of subsidence, and ere yet the higher lying boulder clay was 
formed. The only peculiarity of the shells themselves, view- 
ed in the group, is their intensely boreal character. The sole 
species of Astarte which I have yet found at either Gamrie 
or Castleton King-Edward, — and I have now visited these 
deposits five several times, — ^is the Greenland shell, Astarte 
Arctica; Natica clausa , — a shell of Spitzbergen and the North 
Cape, — is the prevailing Natica ; and the most abundant shell, 
of at least the Gamrie deposit, is a bivalve not yet found liv- 
ing in our seas, but common ten degrees further to the north, 
Tdlina pi'OQcirm, Even the great size to which the latter 
shell attained in this locality is not without its bearing on 
the question. “ The few specimens which have been dredged 
[dead] in Britain,” says the late Professor Edward Forbes, in 
his admirable histoiy of the Bntish MoUusca^ *'are much 
smaller than the exotic ones, none which we have seen ex- 
ceeding three-quarters of an inch in length, and about half 
an inch in breadth.” The mollusc is one of those which at- 
tain to their fullest development amid the frosts and snows 
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of tile higher latitudes ; and it is a curious fuct-^ that in the 
Gamrie and C^tfeton deposits we find it of a consideinbly 
greater than anywhere else in Scotland. My laigost s[)C- 
ftiTWflna iBrom the Clyde beds hardly exceed an inch in loiigtli ; 
whereas my largest Oamne specimens arc nearly two inches 
lon^ and their breadth very considerably exceeds the length 
given as British by Professor Forbes. 

Most of the boulder clays,— especially the higher lying 
de^iosits, — I regard as more modem than these Baulfehiiv 
beds. Tliey mark a period when tlie land sat low in the 
water, and existed as but a group of wintiy islands. To the 
south of the Grampians, their orgrinisins arc but few ; they 
have yielded at wide intervals horns of the rtiin-ileer, and 
tusks of the northern elephant ; but, save in an insulaterl 
patch in Wigtonsliire, no shells. The houMcr clay in Caith- 
ness is, on the other hand, rich in shells. Tlicy excited th(? 
attention of a mineral surveyor, who flourished about the be- 
ginning of the present century, — old John Busby, — ^inorethan 
fifty years ago ; they also attracted the notice of the late Sir 
John Siiichiir ; and in one of my Guithucss jounwjys, I was 
told by my friend Mr Dick, tliat one of the hills on which 
they occur has borne from a still more early period the name 
of “ Buckie s Hill but to Mr Dick himself, and to Mr Cleg- 
hom of Wick, has the working out of the deposit been mainly 
left. And so effectively has it been done, that Mr Dick, as 
he informs me, has not for a considerable time past succeeded 
in finding in it a single new shell. The prevailing molluscs 
of the deposit are Cyprhia hlandica and Turriiella communis^ 
especially the former \ the prevailing Astartc, tlflcugh the Arc- 
tic also occurs, is Asta/rte elliptica ; the jirevailing Tellina, 
Tdlina Solidvla, TbIUtui proxima is of smaller size^than in 
the Gamrie beds ; and NaJtica clausa less coiiimon. Still the 
deposit is very decidedly a boreal one in its shells, and in its 
mechanical phenomena the most decidedly boreal of the group. 
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Every rock-surface on which it rests is 'grooved and striated ; 
almost eveiy softer pebble which it incloses is scratched 
and furrowed^ usually in the line of its longer ; all its 
larger shells exist as broken fragment often rounded as if 
by attritioui and hearing in their lines and scratches marks 
of the same agents that dressed the rooks and scored the 
pebbles ; nay, the very substance and colour of its prevail- 
ing clays show tliat it is mainly composed of the dressings 
of the rocks on which it rests, — all giving evidence, appa- 
rently, of a time when our half-foundered country sat from 
eight hundred to a thousand feet lower in the water tlian it 
does now, and vast packs of grinding icebergs went careering 
over what are now its lower hills and its higher table-land^. 

The Clyde beds and their contents belong appai*cutly to a 
still later tima Their largest shells are usually in a state 
of great eutireness and fine keeping. I had the pleasiure of 
laying open, two years ago, at Fairlic, on the Ayrshire coast, 
a virgin deposit unknown before, in whicli I found conti- 
nuous scalps of Pectm Islandicm .still occupying the place in 
whicli they had lived- and died, and with their upper valves 
covered*with large balanas, such as we now di'edge up from 
the outer limits of the laminarian zone, and all fresh and un- 
broken. Huge Panopcua were there sticking fast in an unc- 
tuous clay, with their open siphuncular ends turned upwards ; 
and entire specimens of Cj/prina Islanclicus and Modiola J/o- 
diolua^ with their valves still connected by the sorely decayed 
ligament. Tdlhia proxiiim was abundant, but reduced in 
size to little more than half the Gamiie dimensions. I found 
Astarteellipticai\iQ prevailing Astarte ; and groupes of younger 
Cy}>rina huddled together in the character — ^whicli they do 
not now assume on our coasts — of gregarious sheila No 
crushing iceberg had passed over this deposit : a grooved 
and polished rock of Old Bed Sandstone lies beneath, over- 
laid by a thin stratum of red clay, apparently deiived fixim 
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it; but the Inghor-lyiiig giuy stnituin i» wbiob tlic slinlls 
occur had a difierent origin : it is simply the partially von- 
Bolidated mud of a quiet sea-bottom ; and though its group 
of organisms manifest decidedly the boreal character, I can- 
not doubt that they lived at a time when, either from some 
diange in the currents of the coast, or from the elevation of 
the protecting islands outside, — an effect of a general rising 
of the land, — ^the sea was no longer an exposed ona They 
in all probability mark that later stige of the wintry period 
to which the last-formed group of our local glaciers belonged, 
and in which our gradually-emerging country presented, age 
after age, a broader and yet broader area, won from the deep. 

One period more, and I shall have completed my survey. 
All the shells which have hitherto becu found beneath our 
latest teiTaccH of upheaval still exist on our coasts, I'hey 
represent a time, perhaps not greatly in advaiic<; of the earlier 
historic ages, when the country had begun to exist under its 
present climatal conditions. Some of thc.se modern Khidls 
are, however, found to occur in very different propo) lions, in 
certain localities, from what they do now. The only speci- 
mens of PJiolas candidm which I have been able to* procure 
from the Lower reaches of the Cromarty Frith occ\ir in a 
clay-bed of the old coast period which underlies an amble 
field in the Lone^ of Fern, a fiill mile from the sea^ My only 
specimens of Scrohicularia piperata from the Frith of Forth 
have been derived from the brick clays behind Portobello, 
more than a quarter of a mile beyond the reach of the tide. 
jlSty first found Scotch specimens of Thmda convexa I col- 
lected last year from a raised sea-bottom near-ITorth Queens- 
ferry. The upheaval of the land seems to have altered the 
conditions, in certain localities, favourable to the production 
of shells such as Scrohicularia and Pholaa ; find Thracia con- 
vexa, thou^ it still lives in the Frith of Forth, — ^which fur- 
bished me in the course of last summer with two i^ecimens, 
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that, from thci r ai)peamnce, must have died within the twelve- 
month, — BceiiiH to be a greatly less abundant shell in the lo- 
cality now than during the ages of the old-coast line, and ap- 
pears, unlass, indeed, it lias been hitherto strangely missed by 
our dredgers, to bodying out. The old sea-bottom at Queens- 
ferry, little more than half an acre in extent^ furnished me 
with full time dozen specimens, though in a siate more or 
less broken, — an extraordinary number for what has been 
well described in the history of the Mollusca as one of our 
rarest British sheila Of these recent shells of the ancient 
coast line we find older and newer beds. The Styrobicularia 
of Portobello, for instance, were the inhabitants of a muddy 
estuary, which ran along what is now the flat, winding, 
low-skirteil valley that runs inland towards the village of 
Easter Duddingstone ; but ei*e the last upheaval of the land 
they must have been dead for ages ; for how can we other- 
wise interpret their position in the brick-clay, with from six 
to eight feet of an argillaceous deposit, of apparently slow 
formation, resting over them. The Pholaa bed of the Lone$ 
of Fcm exists in similar conditions. It, too, was deeply 
silted over ere the last rise of the land ; whereas the shells 
of Gmnton, and of many other localities on the coast, must 
have l)een bcaclirshells at the time of the upheaval ; and not 
a few of them wei’e, mayhap, living scarce half a year before. 
In some of these old estuary deposits, — such as that of Por- 
tobello, — we find interesting remains of the aboriginal trees 
of the country, — ^boles of oak, birch, alder, the Scotch fir, and 
the yew, — ^with handfuls of sorely blackened hazel-nuts, and 
the trunks and branches of a dwarfish hawthorn, converted 
into a glossy substance, nearly resembling jet. They yield 
us cuTk>us glimpses of those mighty woods which covered the 
country ere it had become a home of man, or daring those 
earlier ages of bis inhabitancy^ when he was yet too unskil- 
ful to commence its history. 
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SiM^ view, all too inadequate^ and yet^ I fear, not a 
little tedious, both of the several fieltb in which our geologic 
members have still much labour before them, and of what a 
Scottish museum, truly national, should represent Though 
the breaks and hiatuses are many, there are still noble mate- 
rials within the limits of our country for the cpmjwsition of 
its pro- Adamic history, — ^that history of which the record is 
in the rocks, and of which organisms are the significant and 
impi’essivfe characters. The very gaps which occur in the 
long chronicle seiwo all the more strongly to divide it into 
periods, each furnished with its own independent group of 
being, specifically unlike that which went before, or that 
wliich followed after, and suited to remind us all the more 
emphatically in consequence, that to every species that ever 
lived in the old geologic ages there canic a “last day.” We 
have been long accustomed to recognise the incxoi'able reign 
of death in its relation to individuals, and to regard it os one 
of the most assured and certain of all things, that as all who 
have lived upon our earth during the ages of the past have 
died, so it is “ ap{)ointed for all” who now live iq)on it “ once 
to dia” The same experience which leads us to anticipate 
that the sun will rise and set to-morrow, just because the 
sun has risen and set during all the many days of the past, 
leads us also to anticipate that all the individual creatures 
which now inhabit the earth will die, just because all the 
individual creatures which inhabited the earth in the bygone 
ages have died. And now we find geology extending this 
unifonn experience of death from individuals to^species, and 
compelling us to believe, on the strength of the argument 
to which we so unhesitatingly yield in the other cases, that 
as’ all the species of the past have died, so it is destined for 
all the species of the present also to dia The theologian had 
to contend in the last age with a class of sceptics who, — 
their scepticism assuming, as is not veiy uncommon, the form 
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of cvcduloiiB belief, — ^tised to argue that there hi^ been an 
infinite series of men upon earth ; and, of oonme, if the nm 
had no b^ginning^ could it be held in oonsisteniy that it was 
to have an end ? We now absolutely know, as geologists, 
not only that a beginning there was, but that the beginning 
was a comparatively recent event ; and further, founding on 
the unvarying experience of the past, we also know that the 
race, in at least its existing character and condition, is to 
have an end. There arb peculiarities, too, in the visitations 
of the jtresent time^ suited to suggest many a pregnant thought 
in connection with this curious and surely not ummx)ortant 
subject I tmvclled by railway, in middle autumn, two years 
ago, for about a hundred miles, through a series of well-cul- 
tivatcKl fields ^ and found almost all their potatoes, constitut- 
ing about one-fifth of the entire produce of the district, killed 
by a mysterious disease, and exhaling a heavy odour of death 
and decay that infected the air mile after mile. There were 
perhaps as many individual plants of tlik useful vegetable 
lying brown and dead in the extensive area through which I 
passed as the entire species would have consisted of had it 
not been so sedulously and extensively cultivated by man ; 
and the appearance of the blackened and fetid fields suggest- 
ed to me how, in at least some of the instances, species may 
have diecL A disease similarly extensive is devastating at 
the present time the vineyards of the south ; and it is said 
that, should it continue its ravages for a year or two longer, 
the generous Madeira of the wine-drinker will become as 
much a mere tradition in consequence as the extinct yines 
of the ancients. Nay, during the piesent age have we not 
seen a new and terrible disease, quite as mysterious in its 
character and origin as any of those which have fallen on the 
vegetable kingdom, sweeping away greatly more than a hun- 
dred millions of our own species ? Read in the light of geo- 
logic history, with its irrefiagable evidence of the often-re- 
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peated ci^^inction of entire crontioiis, tlieso visitations of tlio 
age assume a peciiliur sigiiificamy. But the subject is one 
which I must not pui*sue. The same time wliicli, in ils sure 
course, conducts both individuals and species to their Inst 
day, has brought round the last day of iny occupancy ot this 
chair.# Accept, gentlemen, ere I leave it, my best tlianks 
finr the marked kindness and courtesy which I have on eveiy 
occasion received at your hands,— for .the tolerance which 
has overlooked my many slioiicomings, — and for the atten- 
tion and respect with which my various communications have 
been received. I trusted to have had the honour of resign- 
ing it to a gentleman who, iii^Gn years ago, was one of the 
most active and zadous members of the Iloyal Physical So- 
ciety ; and who had, since that time, achieved for himself in 
natural science in geuenil, and in geology in especial, a repu- 
tation co-extensivc with the civilized world.* But, alas! 
Death reigns. This distinguished man, in the full blow of 
his fame, and in the matui'c prime of vigorous manhood, 
has passed suddenly away ; and wherever in either hemi- 
sphere physical science is cultivated, or the bypast history of 
our globe excites tlie legitimate interest, bis early death will 
be felt and deplored as a heavy loss. The spoiler has broken 
abruptly off many a train of ingenious thought, — cut short 
many a course 6f sedulous inquiry, — arrested, just ere its 
formation, many a profound induction, — and scattered hoards 
of unrecorded knowledge, the adequate re-gathering of which 
many years to come may fail to witness. But our idle 
gret% can neither restore the dead nor benefit the living. 
Let us rather manifest our regard for the memory of our il- 
lustrious brother, — ^taken so unexpectedly from among us, — 
by making his disinterested devotion to science our e^mple, 
and by striving to catch the tone of his frank and generous 

* It had been proposed, at the previous fneeting of the Society, to call to 
the vacant Presidential Chair the late Prosessor Edward Fprbeii 
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spirit. Aii»l seeing how very much he Bucceeded m accom- 
pli.sliing wit hin the limits of a life that has, alas ! fallen short 
hy more than thirty yctirs of the old allotcd term, let us di- 
ligiMitly enny on, in the love of tmth, our not unimportant 
luljours, ri^iuemheriiig tliat much may be accomplished in 
comparatively brief space if no time be lost, and that to each 
and all that night cometh** at an uncertain hour, under 
whose dense and unbroken shadow ^^no man can worL” 
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BBIII8H ASSOCIATION FOE TEE ABTANCEMENT 
OF SCIENCE. 

irec?ii€f(%, 8eptmUr^, 1810. 

filOnON a— GEOLOGY AND PHYSICAL GBOOBAPfiY. 

Mr Lybll in the Chair. 

** Mr Murchifton gave an account of the invesiigationi and discoveries of 
Mr Hugh Miller of Cromarty (now Editor of the Witfim) in the Old Red 
Sandstone. Various mombers of a great family of fishes, existing only in 
a deposit of the very highest antiquity, had been discovered by Mr Miller, 
Dr Fleming, Dr Malcolmson, and other gentlemen. M. Agassix had found 
those fishes to bo characterized by the peculiarity of not having the verte- 
bral column terminated at the centre of the tail, as in the existing species, 
but at its extremity. Ho spoke in the highest terms of Mr Miller s perse- 
verance and iugcDuity as a geologist. With no other advantage than a 
common education, by a careful use of bis means ho had been able to give 
himself an excellent education, and to elovato himself to a position which 
any man in any sphere of life might well envy. Mr Mursliison added, that 
he had soen some of Mr Millei^a papers on Geology, written in a style so 
beautiful and poetical, as to throw plain geologists like himself into the 
shade. (Cheers. ) The fish discovered by Mr Miller, one or two fine sped- 
mens of which woro on the table, was yet without a name ; and perhaps 
M. Agassiz, who would now favour them with a description of the class to 
which it belougod, would assign it one. 

**M. Agassiz stated, that sinco he first saw, five or six years ago, the 
fishes of the old deposits, they had increased to such an extent as to enable 
them to connect them with one largo geological epoch. This had been still 
farther established by their having been found in tbe same formation by 
Mr Murchison in Russia, and Mr Miller in Ross-sbire. These fishes were 
characterized in the most curious way ho had ever seen. After briefly ad- 
verting to their peculiarities, as illustrated by the specimens on the tables 
M. Agassiz proposed to call Mr Miller's the Pttrichthys MiVeri, In the 
ooui*so of a subsequent conversation, the learned Professor added, that in 
lately examining the oggs of tho salmon, be had ohseived that in the foetal 
state of theso fishes they have that unequally divided condition of tail 
which characterizes so laige a portion of the fishes in tbe older strata^ and 
which becomes so rare iu tbe fishes of the cretaceous and post-oreiaceoua 
formations. 

** Dr Buckland said, ho had nover been so much astonished in his life by 
the powers of man as ho had been by the geological descriptions of Mr 



Mmer,wbiebhadbeonriiowntolumiiiil)o TfttfiieiiDowqAperby bit (Hond 
Sir C. Mentefttii. That wonderfhl man doaoribed these objeoU with a fe* 
lieity whioh made him ashamed of the comparative mesgreneas and poverty 
of his own deeoription in the Btidotwiltr TVsnfise, whioh had cost him 
honrs and days of labour. He (Dr B.) would give his left hand to possess 
such powers of description as this man ; and if it pleased Providence to 
spare his useful life, he, if any one, would certainly render the scionoo at- 
tractive and popular, and do equal service to Theology and Geology. It 
must he gratifying to Mr Miller to hoar that his discovery had been assign* 
ed his own name by such an eminent authority as M. Agassis ; and it a<lded 
another proof of the value of the mcotiug of the Association, that it had 
contributed to bring such a man into notice .”— from ih% Jlepoilof 
the Pi'oceedinge of the Association, 

** II semble quo do touto part lo terrain devonion acquiert uno nouvollo 
importance. M. Hugh Miller vicut do fairo connattro cu detail, dans uu 
joli voliuno intituled ‘ The Old Bed SamhtonCt toutes lea riebesaes ipie co 
terrain reuferme dans les environs de Cromai*ty. Ix) premier, il a deccui- 
vert ces fossilea de forme hizai re, d caracterea hctcrogenes, quo Von a tautdt 
Toulu i*angcr parmi lea Toitues, tautdt parmi lea Crustaccs, ut quo quelquca 
naturaliatcs ont indme pris pour de grands Coldoptercs aquatitiuos, etdoni 
je croia avoir recouuu la vcritablo nature, en les rangcant parmi les ))ois- 
80D8, od ils forment un genre d part que j*ai ddsigno soua lo nom do Vtor- 
ichthys.”— A gassiz, 

** This admirable work, the production of a man who obtained his goo- 
logical knowledge while working day by day as a laboui-er in a quarry of 
tho Old Bed Sandstone in the nortli-east part of Scotland, evinces talent 
of the highest order, a deep and healthful moral feeling, a x>erfoct command 
of tho finest language, and a beautiful union of philosophy and poetry. No 
geologist can peruse this volume without instruction aud delight. It af- 
fords an admirable synopsis of tho formations between tho granitic schists 
and the Coal Measures, and, indeed, embraces an enlarged and highly philo- 
sophical view of tho science, and of its relation to the CTeator.”--iVc|/lw- 
«or Silliman, 
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THE TESTIMONY OF THE ROCKS ; or, Geoloot in its 
Bearing on the two Theologies— Natural and Revealed. 
Post 8 VO. PrufiLsely Illustrated, price Ts. Od, 

[Twenty fint TJmmnd, 

** Tho volumo in well worthy of being bis last contribution to science* 
litcruiuro, and i*oligion. ... It is unquestionably bis noblest produc' 
lion. Its coinpreUeiiHiveiiess of view, its force of argument, its profusion, 
beauty, and grandeur of illustration, bave often been exemplified in his 
former wiitiugs, but never before so uniformly. With specimens of ^ra* 
pbio descriptions which he never surpassed, we find sustained geueraliza* 
tiouB and speculatious of a bolder kind than he was wont to attempt. / • • 
Its intrinsic value is superlative. Wo cannot lay down the book without 
formally assuring readers of the rare eniertainincut its gfiandly descriptive, 
argumentative, rofiective, and speculative pages afford, or without repeat- 
ing our intense regret that we have no more of such works to expect.” — 
Kdinburgh Wtikly lUvkw: 

** Tlie style is easy, the knowledge brought to bear upon the subject is 
varied and extensive, and the purpose of the whole is thoroughly honour- 
able and good .” — Saturday Jitriew. 

** The work is eloquently written, and will afford its readers a great body 
of fact and pbilosopfiy.” -Atlas. 

** Valuable and interesting to the geologist, as well as to the general 
reader. ” — English Ch urch man. 

The fully-matured thought, the well-]^i8ed magnificent conception, and 
the carefully elaborated diction, meet us in every page.”— A berdten Herald. 

** Fossil species, however long extinct, live again in Mr Miller’s pages. 
His fossil fishes swim and gambol as though they were creatures of t^day, 
and were called sharks and rays instead of Ptcriehthyscs and Holopty- 
ebiuses ; whilst his vegetable CycloptcnisoH and Didymoclmnas shoot, and 
blossom, and wave in tho wind, as tnough they were plants of to-day. We 
cannot close these pages without a deep feeling of regret that the vigorous 
hand and brave intellect that are so conspicuous in every page should have 
so suddenly and painfully ceased to work. We commend the book as a 
fitting memorial of the mind of a man remarkable for his self-culture, li- 
teraiy ability, accurate science, and manly assertions of his convictions of 
the truth.” — Athenantm. 

** The most remai-kable work of perhaps the most remarkable man of the 
age. . . . Amagnificentepio,and we Principia of Geology,”— 
and Foreign Evangelical Review, 
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II. 

MY SCHOOLS AND SCHOOLMASTERS ; or, Tub Stdrt 
OF MY Education. Post 8vo, cloth, price Ts. Oil. 

[ATiiMA Ediiiopi. 

** A story which we hAve read with ploMure, and sliall truaeuie up iu 
memory for the sake of the manly career narrateAjmd the glances at old^ 
world manners and distant scones afforded us bv in way,**'— HtAeaoraei. 

“This is in our opinion the best of Mr Miller^s book8.*’<^C!ftasi6er«*e 
Journal. 

“ Such a story of such a llfo as tlris has never been toll before. There 
is no risk in prophesying that it will take its stand at once as the most 

? 3rfect piece of autobiograph)' of the prese it day —perhaps of any day.'* — 
hit’s Magazine. 

** Such a book, written by such a min, could not be otherwise than very 
instructive, and it will bo found no loss iuterestiug.'*— ffc^ectec Review. 

in. 

SCENES AND LEGENDS OF THE NORTH OF SCOT- 
LAND. Post 8vo, price 7s. Oil. [Fomth Edition. 

“ A highly amusing and interesting book, written by a remarkable man, 
who will infallibly be well known.”— IlurWs Journal . 

“A very pleasing and interesting book. The style htH a purity and 
elegance which remind one of Irving, or of Irving’s master, Ooldsuiitb.” 
—Spectator. 

“ Mr Miller is evidently a man of singular reflective powers, deep and 

enthusiastic feelings, and no small share of both humour and pathos.” 

Chamberiis Journal. 

“ Written in a style which T had begun to regard MFbno of the lost arts.” 
—The laU Baron flame. 


IV. 

THE OLD RED SANDSTONE; or, New Walks in.an Old 
Field. With Plates, price Ts. 6d. [Eighth Edition. 

** The excellent and lively work of onr meritorious and self-taught coun- 
tryman, Hugh Miller. This work is as admirable for the clearness of its 
description and the sweetness of its composition, as for the purity and 
graoefulffsss that pervade it,** — Edinburgh Review. 

“The geological formation known as the Old Red Sandstone was long 
supposed to be peculiarly barren of fossils. The researches of geologists, 
especially those of Mr Miller, have, however, shown that formation to be 
as rich in organic remains as any that has been explore^ Mr Miller’s 
exceedingly interesting book on this formation is just the*Bort of work to 
render any subject popular. It is written in a rem.irkably pleasing style, 
and eontains a wonderful amount of information.” — WeetmineteT Revitw. 

admirable work, the proiluction of a man who obtained his geo- 
logical Knowledge while working day by day as a labourer in a quarry of 
the Old Bed Sandstone in the north-east part of Scotland, evinces talent 
of the highest order, a deep and healtliful moral feeling, a perfect com- 
mand of the finest language, and a beautiful union of philosophy and poetry. 
No geologist can peruse this volume without instruction and delight. It 
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FIRST IMPRFSSIOXS OP ENGLAND AND ITS PEOPLE. 
Crown 8vo, cloth, price 7& 6d. Edition. 

** Thought U tho prevailing elemont: g^l, sturdy, hard-worked 
thought, such as we too seldoia oacounior iu modem productioDs/*— 
At^enasu/n. * 

** This is precisely tho kind of book we should have looked for ftom the 
author of the * Old Red tSaodstoue.* Stiuightforward and earnest in style, 
rich aud varied in matter, those * First Impressions’ will add anotW laurel 
to tho wreath which Mr Miller has already won for himself.”— IVetimintter 
Heview, 

** Mr Miller is a q^o of genius; and, whatever country he may visit, 
you may be sure bmp^Q^P^'^^hms’ will have equal reference to the land 
and the people, to the geology of tho region, and the humanity of it.”— 
BrUith Qmrterly Review, 
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LETTER from one of the SCOTCH PEOPLE to the Right 


Hon. lord BROUGHAM and VAUX, on the Opinions 
expressed by his Lordship in the Auchterardbb Case. Fourth 
Edition, price 3d. 

*'Over and above the judicial arguments in the reports of thdj^nchter- 
arder and Lethendy oases, the Church question has been discussed in a 
great variety of pamphlets, some of them very long and very able, others 
of them very long without being particularly able, and one of them parti- 
eularly able without being long ; I mean the elegant and masculine pro- 
duction of Hugh Miller, entitled *A Letter to Lord Brougham.*” — 
Chwrch PHnciylu Considered tn iAetr BesuUe, bp W, E, Ciodeione, Etq, 
M,P. 

• VH. 

THE WHIOGISM OF THE OLD SCHOOL, as exemplified 
by the Past History and Present Condition of the Churoh of 
Scotland. Second Edition. 8to, price 4d. 
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LECtUBES ON THE ATOMIC THEORY AND ESSAYS 
SCIENTIFIC AND LITERARY. By Samoei Bbowh. M.D. 3 Yob. 
Crown 8vo, price 15a. 

OF THE LIGHT OF NATl^RE ; A Discourse by Nathanarji. 
CuLVSRWEL. Edited by John Ukown, D.l)., Edinburgh. With a Critical 
Essat on the Discourse by John Caiknb, M.A., Borwick-on-Tweotl. lArge 
8vo, cloth, lettered, price 128. 

Has a praetical aim, is pure in its moraiitj. is locirat and rational in Its expositions, is indeed a 
book from the perusal of which no student, of whntover ace. can fall U> derive certain heiiefii. . . . 
Dr. Brown and Ur. Cairns have rendered a service to literature b; reinoducniK this rcinnrkahle 
work, with an appropriate preface, critical discourse, notes, and tudex. It is a iwok tlial does H >t 
deserve to lie in ■eventeenth-ccuturj dust.— Leader. 

TYPICAL FORMS AND SPECIAL ENDS IN CREATION. 

By Rev. James M‘Co8h, LL.D., Author of “ The Method of the Divine Govern- 
ment, Physical and Moral,” Professor of Logic and Metaphysics; and Georgb 
Dic&ie, A.M., M.D., Professor of Natural History in the Queen’s University in 
Ireland. Second Edition. Crown 8vo, with Woodcuts, price 78. 6d. 

Its object and tendenev may be oonsidired asantaRonislic to those of the “ VestififS of Creation 
nd if there be less of facility of style and confident a«Aertifln and siartlinii hviMithesis, which have 
rendered that work so popular, there is more truthfulness in tlic statement of the facts, and more 
sound loaic in the deductions, than that plausible work enti lay claim to ; and it is evidently founded 
upon a thorough acquaintance with the examples in illiistrntion of the subjects which serve as the 
twof;reat princi|»les enunciated, and which may be expressed In the two words, Order and Adap- 
tation —Athaueuw. 

The masterly work on Typical Forms.— H ugh Mii.lkh’8 Teiiimonjfqflhe Roclu. 

CREATION AND THE FALL : A Defence a^d Exposition of the 
First Three Chapters of Genesis. By Rev. Donald Macdonald, M.A., 
Minister of the Free Church, Kdinkillic. Demy 8vo, cloth, price 12 b. 

The most complete examination of the literature and exegesis of the Creation and the Fall which 
has appeared in England.— Journa/ Sacred Literature. 

THE MOSAIC RECORD IN HARMONY WITH THE GEO- 

LOGICAL. By James Simb, M.A, Small 8vo, price 3s. 

^ This learning ; and Its author is not only a sound dirino 

A singularly ingenioas little work.— H ugh Millbr’s Testimonpqfthe Roekt. 

RATIONAL PHILOSOPHY IN HISTORY AND.IN SYSTEM : 

An Introduction to a Logical and Metaphysical Course.* By A. C. Fkabbr, 
Professor of Logic and Metaphysics in the University of Edinburgh. Cloth, 
price 38. 6d. o 
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